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Appendix to �Global, regional, and national incidence, prevalence, and 

years lived with disability for 354 diseases and injuries for 195 countries, 

1990�2017: a systematic analysis for the Global Burden of Disease Study 

2017� 

This appendix provides further methodological detail, supplemental figures, and more detailed results for 

�Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and 

injuries for 195 countries, 1990�2017: a systematic analysis for the Global Burden of Disease Study 2017.� 

This appendix is organized into sections that follow the structure of the main paper. 
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Preamble 

 

This appendix provides further methodological detail for �Global, regional, and national incidence, 

prevalence, and years lived with disability for 354 diseases and injuries for 195 countries, 1990�2017: a 

systematic analysis for the Global Burden of Disease Study 2017.� This study complies with the Guidelines 

for Accurate and Transparent Health Estimates Reporting (GATHER) recommendations. It includes 

detailed tables and information on data in an effort to maximize transparency in our estimation processes 

and provide a comprehensive description of analytical steps. We intend this appendix to be a living 

document, to be updated with each iteration of the Global Burden of Disease Study. 
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Section 1. GBD overview 

 

1.1 Geographic units of the analysis 
The locations included in GBD 2017 have been arranged into a set of hierarchical categories composed of 

seven super-regions and a further nested set of 21 regions containing 195 countries and territories 

(Appendix Table 1). Subnational estimation in GBD 2017 includes Brazil, China, India, Indonesia, Japan, 

Kenya, Mexico, South Africa, Sweden, the United Kingdom, and the United States, and new subnational 

assessments at the administrative one level for Ethiopia, Iran, Norway, and Russia and by Maori ethnicity 

for New Zealand. For this publication, we present subnational estimates in figures only for all subnational 

countries with the exception of the new assessments which will be reported in separate publications. 

Select subnational estimates are also included in supplementary results appendix. Combined, there are a 

total of 390 locations at the first subnational unit level. Included in subnational Level 1 locations are 

countries that have been subdivided into the first subnational level, such as states or provinces, for the 

GBD analysis; subnational Level 2 only applies to India, England, and Russia. For this paper we present 

data at the national and territory level. 

 

1.2 Time period of the analysis 
A complete set of cause-specific incidence, prevalence, and YLD numbers and rates were computed for 

the years 1990, 1995, 2000, 2005, 2010, and 2017. All GBD 2017 results and online data visualisations are 

available at http://vizhub.healthdata.org/gbd-compare1 with access to results for all GBD metrics. 

 

1.3 Statement of GATHER compliance 
This study complies with the Guidelines for Accurate and Transparent Health Estimates Reporting 

(GATHER) recommendations. We have documented the steps involved in our analytical procedures and 

detailed the data sources used in compliance with the GATHER. For additional GATHER reporting, please 

refer to Appendix Table 1.  

The GATHER recommendations may be found here: http://gather-statement.org/ 

 

1.4 List of abbreviations 
 

ADHD: attention-deficit/hyperactivity disorder 

AG: acute glomerulonephritis 

AN: anorexia nervosa 

ANC: antenatal care 

ART: antiretroviral therapy 

ASD: autism spectrum disorder 

AU: acute urolithiasis 

BCG: bacille Calmette-Guerin vaccine 

BFGS: Broyden-Fletcher-Goldfarb-Shanno optimization 

BMI: body mass index 

BN: bulimia nervosa 

BPH: benign prostatic hypertrophy 

BRFSS: Behavioral Risk Factor Surveillance Survey 

BTL: basic tabulation list 
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CD: conduct disorder 

CD4: CD4+ T lymphocyte; an indicator of immune function 

CDC: United States Centers for Disease Control and Prevention 

CDR: Clinical Dementia Rating scale 

CE: cystic echinococcosis 

CIBA: cohort incidence bias adjustment 

CKD: chronic kidney disease 

CL: cutaneous leishmaniasis 

CoD: cause of death 

CODEm: cause of death ensemble modelling 

COMO: comorbidity correction 

COPD: chronic obstructive pulmonary disease 

CSMR: cause-specific mortality rate 

CVD: cardiovascular disease 

CZS: congenital Zika syndrome 

DALYs: disability-adjusted life-years 

DHS: Demographic and Health Survey 

DM: diabetes mellitus 

DSM: Diagnostic and Statistical Manual of Mental Disorders 

DSP: Disease Surveillance Points 

DST: drug sensitivity testing 

DW: Disability weights 

EHB: extreme hyperbilirunemia 

EMBID: endrocrine, metabolic, blood, and immune disorders 

EMR: excess mortality rate 

EPEC: enteropathogenic Escherichia coli 

EPP: Estimation and Projection Package 

ETEC: enterotoxigenic Escherichia coli 

FAS: fetal alcohol syndrome 

FBT: foodborne trematodiases 

GAHI: Global Atlas of Helminth Infections 

GATHER: Guidelines for Accurate and Transparent Health Estimates Reporting 

GBS: Guillain-Barré syndrome 

GBD: Global Burden of Diseases, Injuries, and Risk Factors Study 

GEMS: Global Enteric Multicenter Study 

GHDx: Global Health Data Exchange 

HAQ: Healthcare Access and Quality 

HAT: human African trypanosomiasis 

Hib: Haemophilus influenzae type B 

ICD: International Classification of Disease 

IDA: iron-deficiency anaemia 

IHD: ischaemic heart disease 

ILD: interstitial lung disease 

IMIS: incremental mixture importance sampling 

IPUMS: Integrated Public Use Microdata Series 

IPV: intimate partner violence 

IRS: indoor residual spraying 

INI: intestinal nematode infection 
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iNTS: invasive non-typhoidal salmonella 

ITN: insecticide-treated bed net 

LBP: low back pain 

LDI: lag distributed income 

LF: lymphatic filariasis 

LFTU: loss-to-follow-up 

LN-LDI: natural log of lag-distributed income 

LRI: lower respiratory infection 

LTBI: latent tuberculosis infection 

MAD: median absolute deviation 

MAP: Malaria Atlas Project 

MDA: mass drug administration 

MDD: major depressive disorder 

MDR-TB: multidrug-resistant tuberculosis 

MEPS: Medical Expenditure Panel Surveys 

MICS: Multiple Indicator Cluster Surveys 

MI: myocardial infarction 

MIRU-VNTR: mycobacterial interspersed repetitive units-variable number of tandem repeats 

MND: motor neuron disease 

MS: multiple sclerosis 

MSK: musculoskeletal disorders 

MSM: men who have sex with men 

MTBC: mycobacterium tuberculosis complex 

NAFLD: non-alcoholic fatty liver disease 

NCC: neurocysticercosis 

NCD: non-communicable disease 

NE: neonatal encephalopathy 

NESARC: National Epidemiological Survey on Alcohol and Related Conditions 

NIDR: Notifiable Infectious Disease Reporting 

NMSC: non-melanoma skin cancer 

NP: neck pain 

NSMHWB: Australian National Survey of Mental Health and Wellbeing of Adults 

NTD: neglected tropical disease 

OA: osteoarthritis 

OECD: Organisation for Economic Co-operation and Development 

PAF: population attributable fraction 

PAHO: Pan American Health Organization 

PCOS: polycystic ovarian syndrome 

PCR: polymerase chain reaction 

PCV3: three-dose pneumococcal conjugate vaccine 

PEM: protein energy malnutrition 

PfPR: malaria prevalence 

PID: pelvis inflammatory disease 

PLWH: people living with HIV 

PMヲくヵぎ ヮ;ヴデｷI┌ﾉ;デW ﾏ;デデWヴ аヲくヵ´ﾏ ｷﾐ Sｷ;ﾏWデWヴ 

PMS: premenstrual syndrome 

PPD: purified protein derivative 

qPRC: quantitative polymerase chain reaction 
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RA: rheumatoid arthritis 

RCT: randomised controlled trial 

RHD: rheumatic heart disease 

RHS: Reproductive Health Surveys 

RMSE: root mean square error 

RSV: respiratory syncytial virus 

SD: standard deviation 

SDG: Sustainable Development Goal 

SDI: Socio-demographic Index 

SEER: Surveillance, Epidemiology, and End Results Program 

SEV: summary exposure value 

SRS: Sample Registration System 

ST-GPR: spatiotemporal Gaussian process regression 

STH: soil-transmitted helminthiasis 

STIs: sexually transmitted infections 

TB: tuberculosis 

TMREL: theoretical minimum-risk exposure level  

TST: tuberculin skin test 

TTH: tension-type headache 

UN: United Nations 

UNAIDS: Joint United Nations Programme on HIV/AIDS 

UNICEF: United Nations Children�s Fund 

URI: upper respiratory infection 

UTI: urinary tract infection 

VA: verbal autopsy 

VL: visceral leishmaniasis 

WFS: World Fertility Surveys 

WHO: World Health Organization 

PCT: preventive chemotherapy and transmission control 

XDR-TB: extensively drug-resistant tuberculosis 

YLDs: years lived with disability 

YLLs: years of life lost 

 

1.5 GBD results overview 
Results from the Global Burden of Disease Study (GBD) are now measured in terabytes. Results are 

available in an interactive data downloading tool on the Global Health Data exchange (GHDx). 

Data and underlying code used for this analysis will be made publicly available pending manuscript 

acceptance.  

The core summary results include deaths, years of life lost (YLLs), years lived with disability (YLDs), and 

disability-adjusted life-years (DALYs). The GHDx includes data for causes, risks, cause-risk attribution, 

aetiologies, and impairments. 

 

1.6 Data input sources overview 
GBD 2017 incorporated a large number and wide variety of input sources to estimate mortality, 

population, fertility, causes of death and illness, and risk factors for 195 countries and territories from 

1990�2017. These input sources are accessible through an interactive citation tool available in the GHDx. 
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Users can retrieve citations for a specific GBD component, cause or risk, and geography by choosing from 

the available selection boxes. They can then view and access GHDx records for input sources and export a 

CSV file that includes the GHDx metadata, citations, and information about where the data were used in 

GBD. Additional metadata for each input source are available through the citation tool, as required by the 

GATHER statement. 

 

The citation tool will be made publicly available pending manuscript acceptance. 

 

1.7 Level 5 sequelae 
It is difficult to meaningfully report on the large number of sequelae that are estimated for some of the 

diseases and injuries in GBD. Moreover, most interest is not in this level of detail. For this reason, we have 

grouped sequelae into meaningful aggregates, making decisions disease by disease. For instance, for 

infectious diseases we grouped sequelae for the acute infectious disease episode and the long-term 

sequelae into two categories. Another example is for injuries for which we estimate 47 different sequelae 

but have grouped these into cohesive categories such as all fractures, all traumatic brain injury and all 

burns. These aggregates of sequelae fit into level 5 of the GBD hierarchy of causes and sequelae between 

the most detailed causes at level 4 and the most detailed sequela at level 6. We reported on level 5 

sequelae aggregates for GBD 2015 but were unable to do so in GBD 2016. We have reviewed all decision 

made in GBD 2015 and made some alterations based on feedback from collaborators and dealing with 

new causes and sequelae. 

 

1.8 Funding sources 
Research reported in this publication was supported by the Bill & Melinda Gates Foundation, the National 

Institute on Aging of the National Institutes of Health (award P30AG047845), and the National Institute of 

Mental Health of the National Institutes of Health (award R01MH110163). The content is solely the 

responsibility of the authors and does not necessarily represent the official views of the Bill & Melinda 

Gates Foundation or the National Institutes of Health. 

 

Section 2. Nonfatal outcome estimation 
 

The GBD 2017 nonfatal estimation process is visually represented in Appendix Figures 1a and 1b 

illustrating the steps necessary to estimate incidence, prevalence, and YLDs for disease and injury 

sequelae in GBD 2017. Appendix Figure 1a outlines the general process of nonfatal outcome estimation 

from data inputs to finalization of YLD burden results; steps 3b and 3c of that process identifies 

alternative modelling approaches employed for certain causes and injuries. Alternative approaches are 

illustrated in greater detail in Appendix Figure 1b. Conceptually, the estimation effort is divided into eight 

major components: (1) compiling data sources through data identification and extraction; (2) data 

adjustment; (3) estimation of prevalence and incidence by cause and sequelae using DisMod-MR 2.1 or 

alternative modelling strategies for selected cause groups; (4) estimation by impairment; (5) severity 

distributions; (6) incorporation of disability weights; (7) comorbidity adjustment; and (8) the estimation of 

YLDs by sequelae and causes. Appendix Section 4 contains additional detail specific to each disease, 
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impairment, and injury, and their sequelae. Nonfatal modelling strategies vary significantly between 

causes. 

 

2.1 Data sources, identification, and extraction 

2.1.1 Systematic reviews 

For GBD 2016, updated systematic reviews were conducted for 116 causes and 4 impairments. For GBD 

2017, we conducted literature reviews for 82 non-fatal causes and one impairment through February 

2018. For other disease sequelae, only a small fraction of the existing data appears in the published 

literature and other sources predominate such as survey data, disease registers, notification data or 

hospital inpatient data. As was done in GBD 2016, data were systematically screened from household 

surveys archived in the Global Health Data Exchange (http://ghdx.healthdata.org/), including 

Demographic and Health Surveys, Multiple Indicator Cluster Surveys, Living Standards Measurement 

Surveys, and Reproductive Health Surveys. Other national health surveys were identified based on survey 

series that had yielded usable data for past rounds of GBD, sources suggested to us by in-country 

collaborators, and surveys identified in major multinational survey data catalogs, such as the International 

Household Survey Network and the World Health Organization (WHO) Central Data Catalog, as well as 

through country Ministry of Health and Central Statistical Office websites. Case notifications reported to 

the WHO were updated through 2017. Citations for all data sources used for nonfatal estimation in GBD 

2017 are provided in searchable form through a web tool (http://ghdx.healthdata.org/). A description of 

the search terms employed for cause-specific systematic reviews are detailed by cause in Appendix 

Section 4.  

 

2.1.2 Survey data preparation 

For GBD 2017, survey data for which we have access to the unit record data constitute a substantial part 

of the underlying data used in the estimation process. During extraction, we concentrate on demographic 

variables (such as location, sex, age), survey design variables (such as sampling strategy and sampling 

weights), and the variables used to define the population estimate (such as prevalence or a proportion) 

and a measure of uncertainty (standard error, confidence interval or sample size and number of cases).  

 

2.1.3 Disease registries  

For GBD 2017 nonfatal estimation, disease registries were an important source for a select number of 

conditions such as cancers, end-stage renal disease, and congenital disorders.  

Registry data is particularly key in the estimation of neoplasms given the increasing attention to non-

communicable diseases, particularly cancers, in low and middle-income areas of the world. The GHDx 

source tool (http://ghdx.healthdata.org/data-type/disease-registry)2 provides a comprehensive list of 

registry data used in GBD estimation processes. 
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22.1.4 Estimation of hospital envelope 

 
This process utilizes administrative data, 

reported tabulations, and survey microdata to estimate the rates of inpatient admissions per capita for 

every location and demographic group in the GBD hierarchy.  

 

Administrative Data

Separate data with 

one year recall and 

proportion data

Adjust reported 

proportions to 

average number of 

visits or admissions 

One year recall 

adjustment

Separate data 

disaggregated by age 

and all age data

Data 

disaggregated by 

age
DisMod-MR 2.1

Estimated Age 

pattern

Age splitting

Aggregated age 

data

Age split data

ST-GPR
Final hospital 

envelope

Covariate Database
Inpatient model:

Study: World Health Survey, World 

Health Survey Multi-country survey 

Country: log Hospital beds per 1,000, 

log Health Access and Quality Index

Input data ResultsDatabase Process

Survey microdata

Group data into recall 

bins

Reported tabulations

 

 
Input data and methodological summary 

 

Case definition 

We defined a hospital admission as the overnight admission into a formal health care facility but excluded 

admissions to long-term care (>120 days), nursing care facilities, and traditional or spiritual healers. 

 

Input data 

We searched the Global Health Data Exchange (GHDx) for population surveys, administrative records, and 

censuses from January 1990 to September 2017. We applied five secondary data filters: �discharge�, 

�health facility�, �nationally representative�, �household�, or �outpatient.� We also applied ten keyword 

filters: �healthcare access�, �health care costs�, �healthcare economics�, �healthcare expenditure�, 

�healthcare services�, �healthcare use�, �outpatient facilities�, �patient counts�, �hospitals�, or �length of 

stay�. We applied no language restrictions to our search and required all returned records to either 

contain microdata or tabulated reports. We searched the returned records� metadata looking for 

measures of inpatient care. For inclusion, we required all measures to be nationally or subnationally 
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representative. Additionally, we consulted with experts and GBD collaborators to gather data sources that 

were not within the GHDx.  

 

To estimate inpatient admission rates for newborns, we input estimates of the in-facility delivery (IFD) 

rates for every subnational and national location at 5-year intervals starting at 1990 and including the 

most recent 2017 estimate. IFD was estimated using an ST-GPR model based off of population-

representative surveys and administrative data. In total, we accepted data sources from 8,947 location-

years (1,413 from administrative records and 7,534 from population surveys).  

 

 

Modelling strategy 

Data adjustment 

We classified each of the accepted data sources into four data types: (a) proportion of survey 

respondents who were admitted into the hospital in the past 30 days; (b) proportion of survey 

respondents who were admitted to the hospital in the past year; (c) average number of admissions 

(utilization rate) reported by survey respondents in the past year; and (d) average number of visits 

reported by annual administrative records. We assigned measures reported by annual administrative 

records as our reference group as these data types were free from recall bias and most closely matched 

our case definition. In data sources where microdata was available, we extracted and binned the data 

based on sex and age groups of under-1, 1-4, 4-9, 10-14, through till 95+ years of age.  

 

We crosswalked each of the three non-reference (survey) data types to the reference (administrative 

record) data type through the use of penalized spline regressions to account for non-systematic 

differences between the data types. For each non-reference data type and each sex, we looked for 

overlap between the non-reference data type and reference data type on the basis of location, year, age 

group, and sex. With the overlapping data, we calculated the ratio of the point estimate from the 

reference data type, ߤ, to the non-reference data type,  ߤ௦. We fit these ratios with a penalized spline 

regression shown below 

lnቆߤ,ߤ௦, ቇ = ݄(ܽ݃݁) + ߝ  (1) 

Where ݅ denotes a given matched observation, ݄(ܽ݃݁) represents a basis function which estimated a 

cross-validated penalized spline over the population weighted mean age of the age group, and ߝ 

represents the residual. In the below figures, for each non-reference data type, we plot the ratio of ߤ  

and  ߤ௦ across age and by sex and the predictions from the penalized spline regressions. 

 

- -

 For each non-reference data type and each sex, we plot the ratio of reference data points to non-

reference data points, which were matched based on location, age group, year, and sex. Using a 

penalized spline regression, we estimated the crosswalk between each non-reference data type and the 

reference type. We plot the crosswalk and the associated prediction error below. 
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To crosswalk non-reference data types to reference data types, we multiplied non-reference data 

types by the exponentiated predictions from respective penalized spline regressions. Uncertainty from 

the adjustments were accounted for using the following equation ݁ݏ =  ට݁ݏଶ ή ௦ଶ݁ݏ + ଶ݁ݏ ή ௦ଶߤ + ௦ଶ݁ݏ ή ଶߤ  (2) 

Where ݁ݏ,  ௦ are the standard errors of the adjusted non-reference data point, the݁ݏ , and݁ݏ

exponentiated crosswalk prediction, and the non-reference data point, respectively. ߤ௦ and ߤ are the 

means of the non-reference data point and the exponentiated crosswalk predictions from the penalized 

spline regressions.  

 

Age-sex splitting 

Prior to modelling, we ran a DisMod-MR 2.1 model with data that was disaggregated by age to 

estimate countries� age-pattern and then applied the estimated age-pattern to split aggregated all age 

data into the age groups that are necessary 5-year age groups that are encouraged by ST-GPR. This 

procedure was operationalized by calculating a constant, ݇, which was the ratio of the aggregated all age 

data point, ߤ , to the all age estimated utilization rate from the DisMod-MR 2.1 model, ߤௗෞ ݇ =
ௗෞߤ ߤ  (3) 

The constant, ݇, was then multiplied by age specific utilization rates from the DisMod-MR 2.1 model. The 

uncertainty from the data and the age-pattern were propagated following equation 2. The split data were 

then incorporated into the final DisMod-MR 2.1 model. 
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ST-GPR modelling 

The input data was modelled using space-time Gaussian process regression (ST-GPR) to allow for 

smoothing over age, time, and location in locations that were missing complete datasets. To further help 

explain variation in geographies with little to no data, we used the covariates of natural log of hospital 

beds per 1,000 and the healthcare access and quality index for every location. Hospital beds per 1,000 

was estimated using ST-GPR on data sourced from the World Bank. Coefficients for the covariates are 

presented in the below table. 

 

  

 

    

log Hospital beds per 1,000 Male 0.40 

(0.36 � 0.43) 

1.49 

(1.44 � 1.54) 

log Hospital beds per 1,000 Female 0.42 

(0.39 � 0.46) 

1.53 

(1.47 � 1.58) 

Healthcare Access and Quality 

Index 

Male 0.013 

(0.011 � 0.013) 

1.012 

(1.011 � 1.013) 

Healthcare Access and Quality 

Index 

Female 0.014 

(0.013 � 0.016) 

1.014 

(1.013 � 1.015) 

 

 

2.1.5 Claims, inpatient hospital, and outpatient data 

 

For GBD 2017, claims (linkage) data, inpatient hospital, and outpatient data played a key role in the 

nonfatal estimation process of many GBD causes.  

Claims data 

For GBD 2017, we accessed aggregate data derived from claims information in a database of US private 

health insurance and public insurance schemes of Medicaid and Medicare, for the years 2000, 2010, 

2011, 2012, 2013, and 2014. The population covered in each year was 3.3 million in 2000, 41.1 million in 

2010, 44.4 million in 2011, 41.5 million in 2012, 42.2 in 2013, and 36.4 in 2014. For each of these 

individuals, information on every health service encounter was collected and all episodes of care were 

linked to individuals by unique identifiers. Outpatient claims could have up to 4 diagnoses (15 for 

inpatient claims). We mapped all ICD-9 diagnoses to GBD causes (see Appendix table 4). GBD conditions 

were categorized as �prevalent� or �incident� depending on cause duration and based on the 

specification of the research team responsible for the cause. In a given year, for each individual in the 

claims data, a prevalent case was defined as any mention in any diagnostic field associated with any 

claim, including inpatient and outpatient encounters. An incident case was defined the same way but 

assumed that claims within a condition-specific duration were the same case. In this way, an individual 

could have multiple incident cases in a given year, while avoiding double-counting cases with multiple 

claims from a single illness episode.  
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Inpatient hospital admissions 

Inpatient hospital data were extracted from 335 country-years. ICD coding was standardized across 

sources, and versions of ICD.  

 

For GBD 2015, one limitation of our use of hospital data in non-fatal disease estimation was the challenge 

of accessing accurate information on coverage populations for any given data source. Section 2.1.4 of the 

appendix describes the modelling strategy for the hospital envelope, an estimate of hospital utilization. In 

GBD 2016, we used the hospital utilization envelope in place of information on coverage population. We 

calculate age- and sex-specific cause fractions in each inpatient hospital data source and multiply these by 

the hospital utilization envelope to produce incidence or prevalence rates. In GBD 2017, we used the 

same approach except the hospital envelope was measured in space-time Gaussian process regression to 

accommodate admission data reflecting newborns in a birthing facility.  

 

Using the Marketscan claims data described above, we generated three scalars that were applied to the 

inpatient hospital data on a cause by cause basis. The scalars account for bias in inpatient hospital data 

from sources which were aggregated by ICD code and by primary diagnosis only. First, we corrected to 

account for multiple admissions for an individual. Second, we adjusted for non-primary diagnoses. Third, 

we corrected to account for inpatient and outpatient care. Combined with the uncorrected version (no 

scalar applied), this resulted in four stages of incidence and prevalence estimates from inpatient hospital 

data: 1) (un-corrected) inpatient admissions by episode, primary diagnosis, 2) inpatient admissions by 

individual, primary diagnosis only, 3) inpatient hospital admissions, accounting for all diagnoses, 4) an 

estimate of inpatient admissions and outpatient visits by individual, accounting for all diagnoses. These 
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data were reviewed in conjunction with data from all other sources for each model that utilizes hospital 

data to determine which stage of data was most appropriate as an input to non-fatal disease estimation. 

 

We created alternative estimates for the readmission and comorbidity correction factors by incorporating 

four other sources of inpatient discharge records that included unique patient identifiers linked to 

individuals and multiple ICD-coded diagnoses. These sources were the Healthcare Cost and Utilization 

Project State Inpatient Databases, the New Zealand National Minimum Dataset, the Philippine Health 

Insurance Corporation Claims, and Taiwanese national claims data.  With the scalars from all five sources, 

we created a mixed-effects linear model to predict the correction factor at the national level for every 

inpatient hospital data source, as an alternative to using the ratio derived only from Marketscan. Annual 

outpatient visits per capita was used as a country-level covariate in the readmission scalar models, and 

inpatient admissions per capita was used as a country-level covariate in both the readmission and 

comorbidity scalar models. 

 

An alternative estimate for the total number of inpatient and outpatient cases of each cause was also 

created incorporating the Taiwanese claims dataset with Marketscan. With the scalars from both sources, 

we created a mixed-effects linear model to predict the ratio to the super-region level. The model used 

the super-region level covariate of annual outpatient visits per capita, which was estimated using DisMod-

MR 2.1. The equations we used for each of the three scalars can be found below: 

 

a) Correction to account for multiple admissions which gives us inpatient admissions by individual, 

primary diagnosis only 

a. ௗଵιݐ݊݁݅ݐܽ݊݅ כ ൬ ெௌ ௧௧ೡభιெௌ ௧௧ೌభι ൰ = ௗ௩ଵιݐ݊݁݅ݐܽ݊݅   

b) Correction to adjust for non-primary diagnoses which gives us inpatient admissions by individual, 

all diagnoses 

a. ௗଵιݐ݊݁݅ݐܽ݊݅ כ ൬ ெௌ ௧௧ೡೌெௌ ௧௧ೌభι ൰ = ௗ௩ݐ݊݁݅ݐܽ݊݅   

c) Correction to account for inpatient and outpatient care which gives us inpatient admissions and 

outpatient visits by individual, all diagnoses 

a. ௗଵιݐ݊݁݅ݐܽ݊݅ כ ൬ெௌ ௧௧ೡೌ ெௌ ௨௧௧௧ೡೌ  ெௌ ௧௧ೌభι ൰ = ௗ௩ݐ݊݁݅ݐܽݐݑ|ݐ݊݁݅ݐܽ݊݅   

 

Maternal causes used separate cause-fractions, and a different scalar calculated from a maternal hospital 

admissions rate instead of the hospital envelope, using the equation below: 

 ൬ ݏݐ݊݁ݒ݁
൰ݏݐ݅ݏ݅ݒ ݈ܽݐ݅ݏ݄ ݈ܽݐݐ ݂ # כ ൬݄ݏ݄ݐݎܾ݅ ݁ݒ݈݅ݏݐ݅ݏ݅ݒ ݈ܽݐ݅ݏ ൰ כ ൬  ൰݊݅ݐ݈ܽݑݏ݄ݐݎܾ݅

 

Congenital and neonatal causes and injuries used a separate correction factor as well.   

 

In cases where the third scalar, accounting for inpatient and outpatient care, was greater than 50, we 

determined it to be unstable and did not apply this scalar to the hospital data. Two exceptions to this rule 
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were for congenital and neonatal causes, where infants hospitalized with these conditions often have 

comorbid states that make it very likely that the given code would not be listed as primary. 

 

 

 

Outpatient 

Outpatient encounter data were available from the USA, Sweden and Norway for 45 location-years. No 

changes were made in the processing of outpatient data from GBD 2016, aside from updates to the ICD 

mappings to GBD cause.  

 

Similar to the inpatient hospital data, a scalar was calculated using Marketscan claims data to adjust for 

multiple visits per individual within one year (for prevalent conditions), and within a cause-specific 

duration (for incident causes).  
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2.1.6 Case notifications 

 

Case notifications, active screening, intervention coverage studies, and surveillance contributed to 

estimates of infectious diseases. If available, we extracted data from survey and administrative microdata; 

otherwise, data were extracted from published literature and reports. For many infectious diseases and 

neglected tropical diseases (NTDs), we make use of cases notified by countries to the World Health 

Organization (WHO) and other global monitoring entities. The causes for which we use WHO case 

notification data include tuberculosis (TB), measles, yellow fever, rabies, dengue, cholera, whooping 

cough, human African trypanosomiasis (HAT), meningitis, all sexually transmitted infections (STIs), and 

other infectious and NTDs, such as Ebola. 

 

2.2 Data adjustment 
 

In addition to the corrections applied to claims and hospital data, a number of other adjustments were 

applied to extracted nonfatal sources in order to make the data more consistent and suitable for 

modelling. In this second step of nonfatal estimation, commonly applied adjustments included age-sex 

splitting, bias correction, adjustments for underreporting of notification data, and computing expected 

values of excess mortality. Age-sex splitting was commonly applied to literature data reported by age or 

sex but not by age and sex. For GBD 2017, we split all data reported in age groups with a width greater 

than 20 years, using age patterns from available survey microdata or regional patterns derived from an 

initial run of main modelling tool, DisMod-MR 2.1. We relied on the meta-regression component of 

DisMod-MR 2.1 for most of the bias correction of data for variations in study attributes such as case 

definitions and measurement method. DisMod-MR 2.1 calculates a single adjustment that is applied 

regardless of age, sex, or location. If enough data were available to differentiate these adjustments by 

age, sex, or location, or if detailed survey data were available to make more precise adjustments between 

different thresholds on a biochemical measure, we applied bias corrections to the data before entry into 

DisMod-MR 2.1. For instance, we crosswalked between 12 different case definitions with different 

thresholds of fasting plasma glucose or glycated hemoglobin levels for diabetes mellitus based on 

available survey data with individual records of the actual measurements. In another example, we 

corrected data on COPD from surveys applying different thresholds on spirometry measurements using 

studies that had reported on prevalence of COPD for the reference and alternative thresholds. As this 

relationship varied with age, age-specific correction factors were derived. The correction of notification 

data for underreporting relied on studies that had examined the gap between true incidence and notified 

cases. 

In GBD 2017, we estimated expected values of excess mortality from prevalence or incidence and cause-

specific mortality rate (CSMR) data for every cause for which deaths were estimated with the exception 

of a few causes with very low mortality rates such as uterine fibroids. We matched every prevalence data 

point (or incidence data for short-duration conditions) with the CSMR value corresponding to the age 

range, sex, year, and location of the data point. We restricted this to data points reporting age-groups 

spanning 20 years or less. The ratio of CSMR to prevalence (or incidence times a short duration) is 

conceptually equivalent to an excess mortality rate. To reflect a gradient in excess mortality, we added in 
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all relevant models the log of lag distributed income (LDI) or the Healthcare Access and Quality (HAQ) 

index as a covariate, with a strong prior that as LDI or HAQ Index increases, excess mortality declines.  

 

2.3 DisMod-MR 2.1 estimation 
 

a. Estimation of sequelae and causes 

The most extensively used estimation method is the Bayesian meta-regression method DisMod-MR 2.1. 

For some causes such as HIV/AIDS or hepatitis B and C, disease-specific natural history models have been 

used where the underlying three state model in DisMod-MR 2.1 (susceptible, cases, dead) is insufficient 

to capture the complexity of a disease process. For some diseases with a range of sequelae differentiated 

by severity, such as chronic obstructive pulmonary disease (COPD) or diabetes mellitus, DisMod-MR 2.1 is 

used to meta-analyze the data on overall prevalence with separate DisMod-MR 2.1 models of the 

proportions of cases with different severity levels or sequelae. Likewise, DisMod-MR 2.1 is used to meta-

analyze data on the proportions of liver cancer and cirrhosis due to underlying etiologies such as hepatitis 

B, hepatitis C, and alcohol use.  

 

b. DisMod-MR 2.1 description 

Until GBD 2010, nonfatal estimates in burden of disease assessments were based on a single data source 

on prevalence, incidence, remission or a mortality risk selected by the researcher as most relevant to a 

particular location and time. For GBD 2010, we set a more ambitious goal: to evaluate all available 

information on a disease that passes a minimum quality standard. That required a different analytical tool 

that would be able to pool disparate information presented in varying age groupings and from data 

sources using different methods. The DisMod-MR 1.0 tool used in GBD 2010 evaluated and pooled all 

available data, adjusted data for systematic bias associated with methods that varied from the reference 

and produced estimates by world regions with uncertainty intervals using Bayesian statistical methods. 

For GBD 2013, the improved DisMod-MR 2.0 had increased computational speed allowing computations 

that were consistent between all disease parameters at the country rather than region level. The 

hundred-fold increase in speed of DisMod-MR 2.0 was partly due to a more efficient rewrite of the code 

in C++ but also by changing to a model specification using log rates rather than a negative binomial model 

used in DisMod-MR 1.0. In cross-validation tests, the log rates specification worked as well or better than 

the negative binomial specification.3 For GBD 2015, we rewrote the �wrapper� code that organizes the 

flow of data and settings at each level of the analytical cascade. The sequence of estimation occurs at five 

levels: global, super-region, region, country and, where applicable, subnational location. The super-region 

priors are generated at the global level with mixed-effects, nonlinear regression using all available data; 

the super-region fit, in turn, informs the region fit, and so on down the cascade. The wrapper gives 

analysts the choice to branch the cascade in terms of time and sex at different levels depending on data 

density. The default used in most models is to branch by sex after the global fit but to retain all years of 

data until the lowest level in the cascade. Appendix Figure 2 summarizes the DisMod-MR process. 

 

In updating the �wrapper,� we consolidated the code base into a single language, Python, to make the 

code more transparent and efficient and to better deal with subnational estimation. The computational 
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engine is limited to three levels of random effects; we differentiate estimates at the super-region, region 

and country level. In GBD 2013, the subnational units of China, the UK and Mexico were treated as 

�countries� such that a random effect was estimated for every location with contributing data. However, 

the lack of a hierarchy between country and subnational units meant that the fit to country data 

contributed as much to the estimation of a subnational unit as the fits for all other countries in the 

region. We found inconsistency between the country fit and the aggregation of subnational estimates 

when the country�s epidemiology varied from the average of the region. Adding an additional level of 

random effects required a prohibitively comprehensive rewrite of the underlying DisMod-MR engine. 

Instead, we added a fifth layer to the cascade, with subnational estimation informed by the country fit 

and country covariates, plus an adjustment based on the average of the residuals between the 

subnational location�s available data and its prior. This mimicked the impact of a random effect on 

estimates between subnationals.  

 

For GBD 2016, the computational engine (DisMod-MR 2.1) remained substantively unchanged from GBD 

2015. We updated the age prediction sets to include age groups 80-84, 85-89, 90-94, and 95+, to comply 

with changes across all functional areas of the GBD. We also expanded the set of locations where 

subnational units are modelled; the set in 2016 included: Brazil, China, England, India, Indonesia, Japan, 

Kenya, Mexico, Saudi Arabia, South Africa, Sweden, and the United States. 

 

In GBD 2017, we continued to use DisMod-MR 2.1, as there were no substantial changes. Updates to 

computation include extending the terminal prediction year to 2017 and additional subnational units in 

Ethiopia, Iran, New Zealand, Norway, and Russia. Saudi Arabia was also modelled only at the national level 

in 2017. 
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c. DisMod-MR 2.1 likelihood estimation 

Analysts have the choice of using a Gaussian, log-Gaussian, Laplace or Log-Laplace likelihood function in 

DisMod-MR 2.1. The default log-Gaussian equation for the data likelihood is: െ݈ൣ݃൫ݕหߔ൯൧ = log൫ξ2ߨ൯ + log൫ߜ + ൯ݏ +
1

2
ቆlog൫ ܽ + ൯ߟ െ log൫ ݉ + ߜ൯ߟ + ݏ ቇଶ

where, yj is a �measurement value� (i.e., S;デ; ヮﾗｷﾐデぶき ど SWﾐﾗデWゲ ;ﾉﾉ ﾏﾗSWﾉ ヴ;ﾐSﾗﾏ ┗;ヴｷ;HﾉWゲき 。j is the offset 

value, eta, for a particular �integrand� (prevalence, incidence, remission, excess mortality rate, with-

condition mortality rate, cause-specific mortality rate, relative risk or standardized mortality ratio) and aj 

is the adjusted measurement for data point j, defined by: ܽ = ݁(ି௨ೕିೕ)ݕ
where uj is the total �area effect� (i.e., the sum of the random effects at three levels of the cascade: super-

region, region and country) and cj is the total covariate effect (i.e., the mean combined fixed effects for 

sex, study covariates, and country level covariates), defined by: 

ܿ =  Ⱦூ(), ܺ,[ூ()]ିଵ
ୀ

with standard deviation  ݏ =  Ƀூ(), መܼ,[ூ()]ିଵ
ୀ

where k denotes the mean value of each data point in relation to a covariate (also called x-covariate); I(j) 

SWﾐﾗデWゲ ; S;デ; ヮﾗｷﾐデ aﾗヴ ; ヮ;ヴデｷI┌ﾉ;ヴ ｷﾐデWｪヴ;ﾐSが ﾃき éI(j),k is the multiplier of the kth x-covariate for the ith 

integrand; ܺ,  is the covariate value corresponding to the data point j for covariate k; l denotes the 

standard deviation of each data point in relation to a covariate (also called z-Iﾗ┗;ヴｷ;デWぶき 、I(j),k is the 

multiplier of the lth z-covariate for the ith ｷﾐデWｪヴ;ﾐSき ;ﾐS ~j is the standard deviation for adjusted 

measurement j, defined by: ߜ = ݕൣ݈݃ + ݁(ି௨ೕିೕ)ߟ + ܿ൧ െ ݕൣ݈݃ + ݁(ି௨ೕିೕ)ߟ൧
Where mj denotes the model for the jth measurement, not counting effects or measurement noise and 

defined by:  ݉ =
ଵ()ି()

 ()()ܫ
(a) da

where A(j) is the lower bound of the age range for a data point; B(j) is the upper bound of the age range 

for a data point; and Ij denotes the function of age corresponding to the integrand for data point j. 

 

2.4 Impairment and underlying cause estimation 
 

For GBD 2017, as in GBD 2016, we estimated the country-age-sex-year prevalence of nine impairments � 

step 4 of Appendix Figure 1a. Impairments in GBD are conditions or specific domains of functional health 

loss which are spread across many GBD causes as sequelae and for which there are better data to 

estimate the occurrence of the overall impairment than for each sequela based on the underlying cause. 

These impairments included: anaemia, epilepsy, hearing loss, heart failure, intellectual disability, 
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infertility, vision loss, Guillain-Barré syndrome, and pelvic inflammatory disease. Overall impairment 

prevalence was estimated using DisMod-MR 2.1. We constrained cause-specific estimates of 

impairments, as in the 19 causes of blindness, to sum to the total prevalence estimated for that 

impairment. Anaemia, epilepsy, hearing loss, heart failure, and intellectual disability were estimated at 

different levels of severity. Estimates were made separately for primary infertility (those unable to 

conceive), secondary infertility (those having trouble conceiving again), and whether the impairment 

affected men and/or women. In the case of epilepsy, we determined the proportions with idiopathic and 

secondary epilepsy as well as for the proportions with severe and less severe epilepsy using mixed effects 

regressions. The sparse data for the proportion of seizure-free, treated epilepsy were pooled in a random 

effects meta-analysis. DisMod-MR 2.1 models produced country-, age-, sex-, and year-specific severity 

levels of hearing loss and vision loss. Due to limited information on the severity levels of intellectual 

disability, we assumed a similar distribution of severity globally, based on random effects meta-analysis of 

IQ-specific data for the overall impairment. This was supplemented by cause-specific severity 

distributions for chromosomal causes and iodine deficiency; the severity of intellectual disability included 

in the long-term sequelae of causes including neonatal disorders, meningitis, encephalitis, neonatal 

tetanus, and malaria was estimated in combined health states of multiple impairments such as motor 

impairment, blindness, and/or seizures.14 We changed the name of the intellectual disability impairment 

to specify that estimates reflect cases arising during the developmental period which we have defined as 

ages below 20. The severity of heart failure was derived from our Medical Expenditure Panel Surveys 

(MEPS) analysis and therefore was not specific for country, year, age, or sex. 

 

A detailed description of the methods of each impairment can be found at the end of Section 4 of this 

appendix. 

 

2.4.1 Impairment squeeze 

 

For impairments like epilepsy, intellectual disability, and blindness, mentioned above in Step 4, we often 

have better information regarding the total prevalence of the impairment rather than the prevalence of 

said impairment due to its various causes. For example, we have more data and a better idea of the total 

number of blind individuals (which we refer to herein as the blindness "envelope") in the world than we 

do the number of individuals who are blind due to a specific cause like retinopathy of prematurity or 

cataract. We achieve this consistency by either "squeezing" or inflating the individual sequela prevalence 

values so that their sums fit into each appropriate envelope. Blindness, epilepsy and/or intellectual 

disability appear in various combinations with motor impairment levels as sequelae for a number of 

neonatal disorders and infectious diseases like malaria and neonatal tetanus ("Moderate motor 

impairment with blindness and epilepsy due to neonatal tetanus," for example). This present an extra 

challenge as any squeeze or inflation of one of the impairments making up a sequela will affect the 

others. We set some rules on how to do these adjustments sequentially. First, when the envelope of an 

impairment is smaller than the sum of all contributing causes, we redistribute the �excess� prevalent 

cases of combined impairment sequelae onto the sequelae that only have motor impairment (at mild, 

moderate or severe level) within the same cause grouping. Second, we apply the adjustments in a 
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particular order such that we always fit at least one of the envelopes exactly where the other one or two 

envelopes may be exceeded by some amount. We first enforce a fit to the epilepsy impairment envelope, 

then intellectual disability and, lastly, blindness. Thus, the epilepsy envelope will always match exactly, 

whereas the intellectual disability and blindness envelopes may occasionally be exceeded on a draw-by-

draw basis. 

 

2.5 Severity distribution 
 

In GBD 2017, we report on 381 sequelae at Level 5 of the hierarchy (Appendix Table 3). We generally 

followed the same approach for estimating the distribution of severity as in GBD 2016. For Zika, we included 

sequelae for those with symptomatic acute infection, a small proportion with Guillain-Barré syndrome and 

the number of neonates with congenital Zika as reported to Pan American Health Organization (PAHO). For 

sexual violence, we estimated concurrent physical injuries and the more immediate psychological outcomes 

following sexual violence.  For the added causes that were split from broader cause categories, the 

differentiation between drug-sensitive and drug-resistant tuberculosis, the creation of other leukemia, 

alcoholic and other cardiomyopathy, and self-harm by firearm or other means each follow the same pattern 

of assigning sequelae as for their parent causes. In cases in which severity was related to a particular 

impairment, such as mild, moderate, and severe heart failure due to ischemic heart disease, the analysis 

was driven by impairment estimation methods. Severity levels for conditions such as chronic kidney disease 

and COPD were modelled using DisMod-MR 2.1, while we performed meta-analyses to estimate the 

allocation of severity for causes such as rheumatoid arthritis, dementia, and multiple sclerosis.  

 

For many causes we had inadequate data on severity from surveys or the epidemiological literature. For 

those diseases, we made use of three population surveys: the US Medical Expenditure Panel Survey 

(MEPS) 2000�2014, the [US] National Epidemiological Survey on Alcohol and Related Conditions (NESARC) 

2000�2001 and 2004�2005, and the Australian National Survey of Mental Health and Wellbeing of Adults 

(NSMHWB) 1997.20�22 Each dataset contained individual-level measurements of functional health status 

using the SF-12 Health Survey as well as diagnostic information on the conditions affecting each 

individual.  

 

In order to use the data collected using SF-12 for measuring the distribution of severity, the individual SF-

12 summary scores were mapped to an equivalent disability weight. A convenience sample of 

respondents was asked to complete SF-12 for the hypothetical individual living in a health state described 

using a selection of 60 of the 235 health states with their lay descriptions from the GBD disability weights 

(DW) surveys, reflecting the full range of severity. Each of these health states has a measured disability 

weight associated with it on a zero to one scale. In total, we collected 1,980 usable responses. To deal 

with heterogeneity in responses, we excluded from the statistical analysis responses that were more than 

two median absolute deviations from the median for each health state. After correcting for outliers, the 

rank order correlation between SF-12 scores for the hypothetical individuals in each health state 

characterized by the lay description with the measured disability weight was -0.815. The health states 

served as random effect groups, such that the composite score would be equal to the intercept plus the 
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random effect estimated for that health state, or 

ܦ  ܹ = ߙ + ܷ௧ ௦௧௧. 

 

The final relationship between SF-12 score and disability weight is shown below:  

 

 

To generate a smooth mapping from SF-12 combined scores to the GBD disability weight space, we used 

LOESS regression on the random effects for each health state. Because disability weights are defined in 

the range from 0 to 1, we truncated the function at a combined SF-12 score of 116.36 (any combined 

score above this level was set to 0) and truncated the function at 42.7 so that any combined score less 

than that value was set to 1. All SF-12 survey data were thus transformed into disability weight space.   

 

The second stage of the analysis was to build models predicting the transformed SF-12 scores as a 

function of the number of conditions suffered by each individual. First, variable selection was performed 

using LASSO regression to penalize the regression coefficients of highly correlated conditions. The tuning 

ヮ;ヴ;ﾏWデWヴが ゜が Iﾗﾐデヴﾗﾉゲ デｴW ゲデヴWﾐｪデｴ ﾗa デｴW ﾉW;ゲデ-ゲケ┌;ヴWゲ ヮWﾐ;ﾉデ┞く WｴWﾐ ゜Эヰが LASSO ヴWｪヴWゲゲｷﾗﾐ ヴWデ┌ヴﾐゲ デｴW 
same results as ordinary least-squares regreゲゲｷﾗﾐく HｷｪｴWヴ ┗;ﾉ┌Wゲ ﾗa ゜ ｷﾏヮﾗゲW ; ゲデヴﾗﾐｪWヴ ヮWﾐ;ﾉデ┞ ;ﾐS 
constrain a greater number of model parameters to 0. A 10-fold cross-validation was used to find the 

┗;ﾉ┌W ﾗa デｴW ゜ デｴ;デ ﾏｷﾐｷﾏｷ┣WS デｴW ﾏW;ﾐ Iヴﾗゲゲ-┗;ﾉｷS;デWS Wヴヴﾗヴく Tｴｷゲ ヮヴﾗIWゲゲ ヴWゲ┌ﾉデWS ｷﾐ ; ゜ ┗;ﾉ┌W ﾗa 0.0013 

and eliminated 10 conditions from the analysis.  Transformed SF-12 scores into the disability weight scale 

for the remaining 190 conditions were then modelled for each measure m of each individual i over n total 

conditions in the survey, as follows: 
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(ܹܦ)ݐ݈݅݃ = ߚ + 1݊݅ݐ݅݀݊ܥଵߚ + +ڮ  ݊ ݊݅ݐ݅݀݊ܥߚ

 

This equation effectively assumes that comorbid conditions act to change SF-12 scores in a multiplicative 

fashion rather than an additive fashion.  

 

To estimate the comorbidity-corrected effect of each condition (i.e., in isolation) on total disability, we 

compared the predicted disability weight without the condition of interest (�counterfactual DW�) with 

the predicted disability weight including the condition of interest. Following the multiplicative 

comorbidity equation, the joint effect can be written:  

ܹܦ݂ܿ݅݅ܿ݁ݏ ݊݅ݐ݅݀݊ܥ  = 1 െ 1 െ ܦ݀݁ݐܿ݅݀݁ݎ ܹ
1 െ ܦ݈ܽݑݐ݂ܿܽݎ݁ݐ݊ݑܿ ܹ 

 

The mean of this condition-specific effect over all observations is the population marginal effect of a 

condition. 

 

Using the model above, we estimate a counterfactual disability weight � the total individual disability 

weight excluding the effect of the condition of interest. We compared the observed distribution of 

functional health status with this counterfactual distribution to determine the marginal effect of the 

condition of interest. In other words, we estimate the health state for each individual and for each 

condition as the cumulative individual weight minus the effects of all comorbid conditions. 

ܹܦ ݁ݐܽݐݏ ݄ݐ݈ܽ݁ܪ  = 1 െ 1 െ ܦ݁ݒ݅ݐ݈ܽݑ݉ݑܿ ݈ܽݑ݀݅ݒ݅݀݊݅ ܹ
1 െ ܦ݈ܽݑݐ݂ܿܽݎ݁ݐ݊ݑܿ ܹ  

 

The estimation strategy for health state-specific severity distributions where there are multiple severity 

categories involved binning individuals� weights into severity cutoffs (e.g., mild, moderate, and severe) for 

which disability weights were derived. These bins were defined using results from the GBD Disability 

Weights Studies23 for conditions which had multiple health states defined. Cutoffs were taken as the 

midpoints between levels of health state and cases distributed into severity bins accordingly. Cases were 

considered asymptomatic if the counterfactual weight was equal to or exceeded the individual 

cumulative weight. 

 

2.6 Disability weights 

To compute YLDs for a particular health outcome in a given population, the number of people living with 

that outcome is multiplied by a disability weight that represents the magnitude of health loss associated 

with the outcome. Disability weights are measured on a scale from 0 to 1, with 0 implying a state that is 

equivalent to full health and 1 a state equivalent to death. 

Disability weights used in GBD studies prior to GBD 2010 have been criticized for the method used 

(person trade-off), the small elite panel of international public health experts who determined the 

weights and the lack of consistency over time as the GBD cause list expanded and additional disability 
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weights from a study in the Netherlands24 were added or others derived by ad-hoc methods.  

 

GBD 2010 disability weights measurement study 

For GBD 2010, a primary data collection effort focused on measuring health loss rather than welfare loss 

using a standardized approach of simple comparison questions directed to the general public across 

diverse communities.  

Multicountry household surveys were conducted between Oct 28, 2009 and June 23, 2010 in five 

countries (Bangladesh, Indonesia, Peru, Tanzania, and the US) selected to provide diversity across culture, 

language and socioeconomic status.  

Personal face-to-face computer-assisted interviews were conducted for all household surveys with the 

exception of the survey in the US which was conducted as computer-assisted telephone interviews. 

Households were randomly selected using a multistage stratified sampling design where the probability 

of selection was proportional to the population size. In all cases, samples were designed to be 

representative for a given geographical area with national representation in the case of the US.  

For every contacted household, an adult respondent aged 18 years or older was randomly selected by the 

survey program using the Kish approach. For face to face interviews, up to three visits were made to 

selected households to establish contact. When a respondent was identified, up to three return visits 

were made in order to do the survey at a time when the respondent was available. For the US telephone 

surveys, repeat calls were made up to seven times. 

A web-based survey was posted at a dedicated URL between July 26, 2010 and May 16, 2011. The survey 

was initially available in English with subsequent availability in Spanish and Mandarin. Recruitment of 

respondents occurred through several channels, such as news items and editorials in scientific journals, 

announcements at scientific meetings, postings on websites of institutions participating in the GBD, social 

networking and communication mobilization channels as well as direct contact with individuals and 

groups with known global health interests by tapping into the professional networks of the study 

investigators and their colleagues. Participants in the web-based survey were required to be aged 18 or 

older. Household surveys obtained oral informed consent from all participants; written informed consent 

was obtained from participants in the web survey. Ethical review board approval was obtained from each 

household survey site and at the University of Washington, Seattle, WA.  

Standardized survey instruments were developed to obtain comparative assessments of the full array of 

disease and injury sequelae, parsimoniously captured in 220 unique health states. Lay descriptions of 

health states formed the basis for all comparisons. These descriptions used simple, non-clinical 

vocabulary that emphasized the major functional consequences and symptoms associated with each 

health state. Development of these descriptions involved an iterative process of detailed consultation 

with experts participating in the GBD 2010 study with the goal of both capturing the most relevant details 

of each health state while avoiding ambiguity and ensuring consistency. Where possible, health states 

were grounded in standard clinical classifications systems, for example, the Canadian Cardiovascular 

Society grading scale was referenced for descriptions of stages of angina,25 while the New York Heart 
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Association functional classification was referenced for severity of heart failure.26 Pilot testing indicated 

that the lay descriptions in face-to-face interviews should not exceed 30 words. 

A paired comparison question formed the basis of all surveys. The questions in the survey were framed 

with the following statement, �A person�s health may limit how well parts of his body or mind work. As a 

result, some people are not able to do all of the things in life that others may do, and some people are 

more severely limited than others. I am going to ask you a series of questions about different health 

problems. In each question, I will describe two different people�� Descriptions of two hypothetical 

people, each with a particular health state, were presented to respondents who were then asked which 

person they regarded as the healthier. Health pairs in all surveys were selected by a randomizing 

computer algorithm. In the five household surveys, paired comparisons were presented for a subset of 

108 health states pertaining to chronic conditions. The framing of chronic and acute conditions is 

different as they were presented as causing life-long or temporary health loss. We chose to only field 

health states that could be framed as lasting a lifetime in the household surveys as we hypothesized that 

presenting differently framed comparisons would be difficult to convey in face-to-face interviews. In the 

web survey we considered this more feasible as respondents could read and refer to the framing of the 

question for each pair-wise comparison. All 220 health states were thus evaluated in the web survey. 

In addition, the web survey included questions relating to population health and health programs 

specifically � such as �Imagine two different health programs. The first program prevented 1,000 people 

from getting an illness that causes rapid death. The second program prevented 2,000 people from getting 

an illness that is not fatal but causes lifelong health problems resulting in moderate to severe disability. 

Which program would you say produced the greater overall health benefits?� This information was used 

to anchor the results from the pair-wise comparisons on the 0�1 disability weight scale. 

GBD 2013 European disability weights measurement study 

The GBD 2010 disability weights were critically dependent on the ways that outcomes were described to 

survey respondents. Descriptions for health states were designed to balance validity and parsimony and 

this necessarily meant that some details of different health states had to be omitted. As lay descriptions 

were developed collaboratively through individual expert groups organized around a particular set of 

health issues � some amount of variability in language and detail inevitably occurred. Criticisms and 

suggestions for improvement came from a number of commentators on the GBD 2010 disability weights 

measurement study.27�29 

The GBD 2013 Study expanded the list of disease and injury causes and sequelae which were mapped to 

235 unique health states. Additional data for the European Disability Weights Measurement Study were 

collected between September 23, 2013 and November 11, 2013 in Hungary, Italy, the Netherlands and 

Sweden. The initiation of these surveys was connected to a project sponsored by the European Centre for 

Disease Prevention and Control (the Burden of Communicable Diseases in Europe project).30 The four 

selected countries were chosen to be representative of the four regions of Europe (east, south, middle, 

and north) in terms of age, sex and education of the respondents. Respondents were recruited from 

standing internet panels in each country on the basis of quota sampling with reference to age, sex and 

education in such a way as to maintain population representativeness of these characteristics. Eligible 

participants were aged 18�65 and were preselected in the case of the Netherlands, where age, sex and 
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education of respondents were already known, or in the case of the other three countries, invited to 

participate via a web-link and then selected on the basis of their individual characteristics. 

The protocol for the European disability weights measurement study followed the protocol that was 

developed and implemented in the GBD 2010 disability weights measurement study. Lay descriptions for 

some health states that lacked mention of an important symptom or for which consistency of wording 

across different levels of severity had been noted were reworded. The European disability weights 

measurement study included 255 health states, of which 183 were used in the analyses of GBD 2013. 

Those 183 consisted of 135 of the 220 health states that were included in the European disability weights 

measurement study with unmodified lay descriptions; 30 from GBD 2010 for which alternative lay 

descriptions were included. Disability weights were estimated for additional sequelae that were 

incorporated into GBD 2013 but had not been included in GBD 2010.  

Finding high correlation in resulting disability weight values between the country surveys and the web 

survey, we analyzed the results of all surveys together. We ran probit regression analyses on the answers 

to the pair-wise comparison questions, with dummies for each health state with a value of 1 for the first 

state in a pair, �1 for the second of a pair being chosen, and 0 for all states other than the pair being 

considered. This method formalizes the intuition that if two health states in a pair produce similar health 

loss, the answers are likely to be evenly split; a pair of health states with very different health loss, will get 

many more responses favoring one over the other. The statistical methods infer the distances between 

values attached to different health states based on the frequencies of responses to the paired 

comparisons. A second analytic step is needed to anchor the resulting estimates onto the 0�1 disability 

weights scale. We anchored results from the probit regression analysis onto the 0�1 scale using 

population health equivalence data from the GBD 2010 web survey using a linear regression of the probit 

coefficients from the analysis of paired comparisons on the logit-transformed disability weight estimates 

derived from interval regression of the population health equivalence responses. Using numerical 

integration, we then estimated mean values for disability weights on the natural 0�1 scale. Uncertainty 

was estimated by bootstrapping with 1000 samples. 

A complete listing of the lay descriptions and values for the 234 health states (including combined health 

states) used in GBD 2017 is provided in Appendix Table 5. 

 

2.7 Comorbidity correction (COMO) 

The final stage in the estimation of YLDs is a micro-simulation, which adjusts for comorbidity. We refer to 

this micro-simulation process as �COMO.� For GBD 2017, we estimated the co-occurrence of different 

diseases by simulating 40,000 individuals in each location-age-sex-year combination as exposed to the 

independent probability of having any of the sequelae included in GBD 2017 based on disease 

prevalence. We tested the contribution of dependent and independent comorbidity in the US MEPS data, 

and found that independent comorbidity was the dominant factor even though there are well-known 

examples of dependent comorbidity, i.e., clustering of conditions such as diabetes and stroke or anxiety 

and alcohol use disorders. Age was the main predictor of comorbidity such that age-specific 

microsimulations accommodated most of the required comorbidity correction.31  
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The two components necessary for the computation of YLDs, prevalence of each disease sequelae and 

disability weights, are the two inputs into COMO. The prevalence values are primarily produced using 

DisMod-MR 2.1. The disability weights have been described above. 

The micro-simulation, as performed for each age-sex-location-year, can best be represented as a four-

step process. First, simulants are exposed to independent probabilities of having each sequela, where the 

probability is equal to the prevalence estimate. For each simulant, the probability of having a disease 

sequela is equal to the estimated prevalence from that draw from the uncertainty distribution. Each 

simulant is determined to have or not have the disease sequelae based on a draw from a binomial 

distribution. From this simulation, simulants end up having from none to multiple disease sequelae. 

Second, the disability weight for each simulant is estimated based on the disease sequelae that they have 

acquired. The formula for the cumulative disability weight for a simulant is one minus the multiplicative 

sum of one minus each disability weight present: ܵ݅݉ܦ ݐ݈݊ܽݑ ܹ = 1 െෑ(1 െ ܦ ܹ)


ୀ  

where the ܦ ܹ is the disability weight for the kth disease sequela that the simulant l has acquired. Once 

the simulant disability weight is computed, the disability weight attributable to each sequela for the 

simulant is calculated using the following formula: 

ܦܣ  ܹ =
ܦ ܹσ ܦ ܹୀୀ כ ܦ ݐ݈݊ܽݑ݉݅ܵ ܹ 

 

where ܦܣ ܹ is the attributable DW for disease sequela k in simulant l; ܦ ܹ is the disability weight for 

disease sequela k, and simulant ܦ ܹ is the disability weight for simulant l from the combination of all 

sequelae that they have acquired. This formula apportions the overall simulant disability weight to each 

condition in proportion to the disability weight of each condition in isolation. 

 

Finally, YLDs per capita in an age-sex-country-year are computed by taking the sum of the attributable 

disability weights for a disease sequela across simulants. 

݁ݐܴܽ ܦܮܻ  =
σ ܦܣ ܹୀଵ ݊  

 

The actual number of YLDs from disease sequela k in an age-sex-location-year is then computed as the 

YLD rate k times the appropriate age-sex- location-year population. 

 

By repeating the simulation process for each age-sex-country-year 1,000 times, the uncertainty in the 

prevalence of each disease sequela and the disability weight is propagated into the final comorbidity 

corrected YLD results. We selected 40,000 simulants for each age-sex- location-year group on the basis of 

simulation testing, which has shown that results are stable for YLDs at this number of simulants even in 

the younger age groups when prevalence is relatively low. Mean results for YLDs which reflect 40 million 

simulants (40,000 simulants multiplied by 1,000 iterations to capture uncertainty) are very stable in each 
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age-sex-location-year. For any given location-year-age-sex group, sequelae with prevalence of less than 

one in 20,000 were excluded from the microsimulation. 

 

2.8 YLD computation, uncertainty, and residual YLDs 
 

For GBD 2017, we computed YLDs by sequela as prevalence multiplied by the disability weight for the 

health state associated with that sequela. The uncertainty ranges reported around YLDs incorporates 

uncertainty in prevalence and uncertainty in the disability weight. To do this, we take the 1,000 samples 

of comorbidity-corrected YLDs and 1,000 samples of the disability weight to generate 1,000 samples of 

the YLD distribution. We assume no correlation in the uncertainty in prevalence and disability weights. 

The 95% uncertainty interval is reported as the 25th and 975th values of the distribution. Uncertainty 

intervals for YLDs at different points in time (1990, 1995, 2000, 2005, 2010, and 2016) for a given disease 

or sequela are correlated because of the shared uncertainty in the disability weight. For this reason, 

changes in YLDs over time can be significant even if the uncertainty intervals of the two estimates of YLDs 

largely overlap as significance is determined by the uncertainty around the prevalence estimates. 

 

Residual YLDs 

 

Despite expanding our list of causes and sequelae in successive GBD iterations, many diseases remain for 

which we do not explicitly estimate disease prevalence and YLDs. Less common diseases and their 

sequelae were included in 35 residual categories (Appendix Table 6). For 22 of these residual categories, 

epidemiological data on incidence or prevalence were available and so these were modelled accordingly. 

For 13 residual categories, epidemiological data on incidence and prevalence were not available but 

sufficient cause of death data allowed for cause of death estimates. For these residual categories, we 

estimated YLDs by multiplying the residual YLL estimates by the ratio of YLDs to YLL from the estimates 

level 3 causes in the same disease category that were explicitly modelled. This scaling was undertaken for 

each country-sex-year. This approach made the simplifying assumption that the residual diseases caused 

disability proportionate to the ratio of disability to mortality in explicitly modelled diseases. We did not 

include causes with large disability but no or little mortality in estimating these ratios. For example, we 

estimated the YLDs from other neurological disorders from the YLD to YLL ratios for dementia, multiple 

sclerosis, and Parkinson�s disease, but did not include the YLDs from headaches and epilepsy in the ratio.  

 

2.9 Birth prevalence 
 

A number of conditions are present at birth and quantifying them is important to fully describing the 

epidemiology of diseases within populations (Appendix Table 7). These include many conditions included 

in the GBD cause group of neonatal disorders, infections that are transmitted from mother to child either 

transplacentally or during birth, and congenital birth defects arising either de novo or as the result of 

maternal exposures. While included in the underlying models informing from previous GBD iterations, we 

have developed a system for reporting them for the first time in GBD 2017.  

 

Mathematically (i.e., in the models), conditions present at birth are equivalent to �birth prevalence.� 

34



 

However, we report these as �incidence� in recognition of how GBD defines incidence as a new case of a 

disease or injury entering the population. To process these results for publication in GBD, we used a three 

step process. First, the number of cases at birth was calculated as birth prevalence rate multiplied by 

number of live births for each location, sex, and year. Second, the number of cases present at birth were 

summed with incident cases during the early neonatal period (calculated as 0-6 days incidence rate times 

0-6 days population), and early neonatal incidence rate was recalculated by re-dividing by 0-6 days 

population. Third, incidence rates for aggregate age groups were re-calculated using the revised 

incidence figures for the early neonatal period.  

 

Causes included in reporting are all of those where birth prevalence has been estimated in GBD 2017 as 

part of existing modelling processes (Appendix Table 7). While extensive, this list should not be 

considered to be exhaustive of all of the conditions that can be present at birth. Future efforts in GBD in 

this arena will focus on identifying and comprehensively including all conditions present at birth, including 

revision of model frameworks as necessary. These efforts will also be facilitated by continuing 

improvements in the resolution of epidemiologic estimates of disease burden during pregnancy. These 

efforts are also expected to themselves facilitate subsequent analyses derived from GBD that evaluate 

how maternal interventions, including pregnancy surveillance, can influence patterns of neonatal, infant, 

and child health.  

 

2.10 Socio-demographic Index (SDI) analysis and epidemiological transition 
 

The Socio-demographic Index (SDI) is a composite indicator of development status strongly correlated with 

health outcomes. In short, it is the geometric mean of 0 to 1 indices of total fertility rate under the age of 

25 (TFU25), mean education for those aged 15 and older (EDU15+), and lag distributed income (LDI) per 

capita. 

 

a. Development of revised SDI indicator 

 

SDI was originally constructed for GBD 2015 using the Human Development Index (HDI) methodology, 

wherein a 0 to 1 index value was determined for each of the original three covariate inputs (total fertility 

rate in ages 15 to 49, EDU15+, and LDI per capita) using the observed minima and maxima over the 

estimation period to set the scales.  

 

In response to feedback from collaborators and the evolution of the GBD, we have refined the indicator 

with each GBD cycle. For GBD 2017, in conjunction with our expanded estimation of age-specific fertility, 

we chose to replace the total fertility rate as one of the three component indices with the total fertility rate 

under 25 (TFU25). The TFU25 provides a better measure of women�s status in society, as it focuses on ages 

where childbearing disrupts the pursuit of education and entrance into the workforce. 

 

During GBD 2016 we moved from using relative index scales to absolute scales to enhance the stability of 

SDI�s interpretation over time, as we noticed that the measure was highly sensitive to the addition of 

subnational units that tended to stretch the empirical minima and maxima. We selected the minima and 

maxima of the scales by examining the relationships each of the inputs had with life expectancy at birth 

and under-5 mortality and identifying points of limiting returns at both high and low values, if they occurred 

prior to theoretical limits (e.g., a TFU25 of 0). 

 

Thus, an index score of 0 represents the minimum level of each covariate input past which selected health 
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outcomes can get no worse, while an index score of 1 represents the maximum level of each covariate 

input past which selected health outcomes cease to improve. As a composite, a location with an SDI of 0 

would have a theoretical minimum level of development relevant to these health outcomes, while a 

location with an SDI of 1 would have a theoretical maximum level of development relevant to these health 

outcomes.  

 

We summarize the final scales for GBD 2017 in the table below. 

  d 

TFU25 0 3 

LDI per capita 250 USD (5.52 log USD)b 60,000 USD (11.00 log USD) 

EDU15+ 0 years 17 years 

b The minimum for the LDI scale was originally set at the theoretical limit of 0 USD, as we did not observe an asymptotic relationship 

between log(LDI) and E0 or 5q0 at lower values of log(LDI). Empirically, however, we also did not observe an LDI below 350 USD 

(5.86 log USD) for the estimation period 1970-2016. In log-space, this meant that approximately half of our scale was not being 

utilized, compressing the observed variation in LDI and diminishing its meaningful contribution to SDI. Accordingly, we set the lower 

limit on LDI to 250 USD (5.52 log USD) to ensure we were fully utilizing the range of the scale to capture its variation across space 

and time, as is the case with the other two inputs. 

Using scales described above, we computed the index scores underlying SDI as follows: ܫ௬ =
൫ܥ௬ െ ܥ௪൯൫ܥ െ  ௪൯ܥ

Where ܫ௬ � the index for covariate C, location l, and year y � is equal to the difference between the value 

of that covariate in that location-year and the lower bound of the covariate divided by the difference 

between the upper and lower bounds for that covariate. If the values of input covariates fell outside the 

upper or lower bounds (e.g. LDI per capita greater than 60,000 USD), they were mapped to the respective 

upper or lower bounds. We also note that the index value for TFU25 was computed as 1 െ  ிଶହ௬, as்ܫ

lower TFU25s correspond to higher levels of development, and thus higher index scores. For GBD 2017 we 

expanded the computation of SDI to 890 national and subnational locations spanning the time period 1950-

2017.  

The composite Socio-Demographic Index is the geometric mean of these three indices for a given location-

year. The cutoff values used to determine quintiles for analysis were then computed using country-level 

estimates of SDI for the year 2017, excluding countries with populations less than 1 million. 

 

Example calculation 

Below we present the calculation of SDI for Mexico in the year 2010: 

25ܷܨܶ  = 1.09; ܿ ݏݎݕ ܿݑ݀݁ ݊ܽ݁ܯ  = 8.23; ܫܦܮ݈݊  = 9.60 

ிଶହ்ܫ  = 1 െ  
1.09 െ 0

3 െ 0
=  .637 

ாௗ௨ܫ  =  
8.23 െ 0 

17 െ 0
=  .484 

ூܫ  =
9.60 െ 5.52

11.00 െ 5.52
=  .744 
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ܫܦܵ =  ඥ்ܫிଶହ כ ாௗ௨ܫ כ ூయܫ
=  ξ. 637 כ .484 כ  .744

య
=  .611 

ூܫ =
9.58 െ 5.52

11.00 െ 5.52
=  .741 

ܫܦܵ  =  ඥ்ܫிோ כ ாௗ௨ܫ כ ூయܫ
=  ξ. 855 כ .543 כ  .741

య
=  .701  

SDI location groupings and SDI values are displayed in Appendix Tables 8 and 9.  
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Section 3. GBD cause list 
 

The GBD cause and sequelae list is organized hierarchically (see Appendix Table 3) to accommodate 

different purposes and needs of various users.  

The first two levels aggregate causes into general grouping. At Level 1 there are three cause groups: 

communicable, maternal, neonatal, and nutritional diseases (Group 1 diseases); non-communicable 

diseases (Group 2); and injuries (Group 3). These Level 1 aggregates are subdivided at Level 2 of the 

hierarchy into 21 cause groupings (e.g., neonatal disorders, neurological disorders, and transport 

injuries). The disaggregation into Levels 3 and 4 contains the finest level of detail for causes captured in 

GBD 2017. The greatest detail available for some causes, such as anxiety disorders or rheumatoid 

arthritis, is at Level 3 of the hierarchy while other specific causes are at Level 4 of the hierarchy with an 

aggregate category at Level 3 (for example, depressive disorders at Level 3 which encompasses major 

depressive disorders and dysthymia at Level 4). Sequelae of diseases and injuries are organized at Levels 5 

and 6 of the hierarchy. In GBD, sequelae are defined as distinct, mutually exclusive, categories of health 

consequences that can be directly attributed to a cause. For example, both neuropathy and blindness due 

to diabetic retinopathy are sequelae of diabetes; stroke and ischaemic heart disease are not, as these 

consequences cannot be categorically ascribed to diabetes in an individual despite good evidence for 

increased risk of these outcomes. The finest detail for all sequelae estimated in GBD is at Level 6 and is 

aggregated into summary sequelae categories (Level 5) for causes with large numbers of sequelae. 

Examples include the grouping of the infectious disease episodes and long-term sequelae of meningitis, 

and the grouping of 47 injury sequelae into seven summary categories (for example all fractures, spinal 

cord lesions, and head injuries). Sequelae in GBD are mutually exclusive and collectively exhaustive and 

thus our YLD estimates at each level of the hierarchy sum to the total of the level above. Prevalence and 

incidence aggregation is estimated at the level of individuals who may have more than one sequela or 

disease, and therefore are not additive. 

The GBD cause list continues to evolve to reflect the policy relevance, public health, and medical care 

importance of the causes of major losses of health. The cause and sequelae list expanded following input 

from the Scientific Council and GBD collaborator network. The cause list has expanded from 327 causes 

with nonfatal estimates in GBD 2016 to 354 causes in GBD 2017. As in GBD 2016, we made no estimates 

for YLDs for just five causes, either because no disability is possible, as is the case with sudden infant 

death syndrome; because disability may occur rarely but at levels too low for accurate estimation given 

the data, as for aortic aneurysm; or because the disability is captured by the complicating causes that led 

to that cause of death, as for indirect maternal deaths, late maternal deaths, and maternal deaths 

aggravated by HIV/AIDS. Appendix Table 4 provides a list of International Classification of Diseases version 

9 (ICD-9) and International Classification of Diseases version 10 (ICD-10) codes for all GBD causes and the 

nature of injury categories. 
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Section 4. Nonfatal cause-specific estimation process 
 

 HIV/AIDS 

 Sexually transmitted diseases excluding HIV 

 Tuberculosis 

 Lower respiratory infections 

 Upper respiratory infections 

 Otitis media 

 Diarrheal diseases 

 Typhoid and paratyphoid 

 Invasive Non-typhoidal Salmonella (iNTS) 

 Other intestinal infectious diseases 

 Malaria 

 Chagas disease 

 Visceral leishmaniasis 

 Cutaneous and mucocutaneous leishmaniasis 

 African trypanosomiasis 

 Schistosomiasis 

 Cysticercosis 

 Cystic echinococcosis 

 Lymphatic filariasis 

 Onchocerciasis 

 Dengue 

 Yellow fever 

 Rabies 

 Ascariasis 

 Trichuriasis 

 Hookworm disease 

 Food-borne trematodiases 

 Leprosy 

 Ebola virus disease 

 Zika virus disease  

 Guinea worm disease 

 Other neglected tropical diseases 

 Meningitis 

 Encephalitis 

 Diphtheria 

 Whooping cough 

 Tetanus 

 Measles 

 Varicella and herpes zoster 

 Acute hepatitis 

 Other unspecified infectious diseases 

 Maternal disorders 
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 Maternal obstructed labor and uterine rupture 

 Neonatal preterm birth 

 Neonatal encephalopathy due to birth asphyxia and trauma 

 Neonatal sepsis and other neonatal infections 

 Hemolytic disease and other neonatal jaundice 

 Other neonatal disorders 

 Protein-energy malnutrition 

 Iodine deficiency 

 Vitamin A deficiency 

 Other nutritional deficiencies 

 Cancer 

 Rheumatic heart disease 

 Ischemic heart disease 

 Ischaemic Stroke, Intracerebral Haemorrhage, and Subarachnoid 

Haemorrhage 

 Non-rheumatic valvular heart disease 

 Myocarditis 

 Atrial fibrillation and flutter 

 Peripheral artery disease 

 Endocarditis 

 Other cardiovascular and circulatory diseases 

 Chronic obstructive pulmonary disease 

 Pneumoconiosis 

 Asthma 

 Interstitial lung disease and pulmonary sarcoidosis 

 Other chronic respiratory diseases 

 Cirrhosis and other chronic liver diseases 

 Non-alcoholic fatty liver disease/Non-alcoholic steatohepatitis 

(NFLD/NASH) 

 Peptic ulcer disease 

 Gastritis and duodenitis 

 Gastroesophageal reflux disease 

 Appendicitis 

 Paralytic ileus and intestinal obstruction 

 Inguinal, femoral, and abdominal hernia 

 Inflammatory bowel disease 

 Vascular intestinal disorders 

 Gallbladder and biliary diseases 

 Pancreatitis 

 Other digestive diseases 

 Alzheimer�s disease and other dementias 

 Parkinson�s disease 

 Multiple sclerosis 

 Motor neuron disease 

 Migraine 
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 Tension-type headache 

 Other neurological disorders 

 Schizophrenia 

 Major depressive disorder 

 Dysthymia 

 Bipolar disorder 

 Anxiety disorders 

 Anorexia nervosa 

 Bulimia nervosa 

 Autistic spectrum disorders 

 Attention-deficit/hyperactivity disorder 

 Conduct disorder 

 Other mental disorders 

 Alcohol use disorders 

 Fetal alcohol syndrome 

 Opioid use disorders 

 Cocaine use disorders 

 Amphetamine use disorders 

 Cannabis use disorders 

 Other drug use disorders 

 Diabetes mellitus 

 Chronic kidney disease 

 Acute glomerulonephritis 

 Dermatitis 

 Psoriasis 

 Cellulitis 

 Pyoderma 

 Scabies 

 Fungal skin diseases 

 Viral skin diseases 

 Acne vulgaris 

 Alopecia areata 

 Pruritus 

 Urticaria 

 Decubitus ulcer 

 Other skin and subcutaneous diseases 

 Other sense organ diseases 

 Rheumatoid arthritis 

 Osteoarthritis 

 Low back pain 

 Neck pain 

 Gout 

 Other musculoskeletal disorders 

 Congenital anomalies 

 Urinary tract infections 
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 Urolithiasis 

 Benign prostatic hyperplasia 

 Other urinary diseases 

 Uterine fibroids 

 Polycystic ovarian syndrome 

 Endometriosis 

 Genital prolapse 

 Premenstrual syndrome 

 Other gynecological conditions 

 Hemoglobinopathies and hemolytic anemias 

 Endocrine, metabolic, blood, and immune disorders 

 Oral disorders 

 Injuries 

 Sexual violence 

 Anemia 

 Epilepsy 

 GBS  

 Hearing loss  

 Heart failure  

 Infertility  

 Development intellectual disability 

 Pelvic inflammatory disease 

 Blindness and vision impairment 
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HIV/AIDS  

 

 

Case definition 

 

Infection with the human immunodeficiency virus (HIV) causes influenza-like symptoms during the acute 

period following infection and can lead to acquired immunodeficiency syndrome (AIDS) if untreated. HIV 

attacks the immune system of its host, leaving infected individuals more susceptible to opportunistic 

infections like tuberculosis. Although there are two different subtypes of HIV, HIV-1 and HIV-2, no 

distinction is made in our estimation process or presentation of results. For HIV, ICD 10 codes are B20-

B24, C46-C469, D84.9; ICD 9 codes are 042-044, 112-118 (after 1980), 130 (after 1980), 136.3-136.8 

(after 1980), 176.0-176.9 (after 1980), 279 (after 1980); and ICD9 BTL codes are B184-B185. 

 

Input data 
 

Household seroprevalence surveys 
Geographically representative HIV seroprevalence survey results were used as inputs to the model for 

countries with generalised HIV epidemics where available. 

 
GBD demographic inputs 
Location-specific population, fertility, and HIV-free survival rates from GBD 2017 and migration data 

from UNAIDS were used as inputs in modelling all locations. 

 
UNAIDS data 
The files compiled by UNAIDS for their HIV/AIDS estimation process were our main source of data for 

producing estimates of HIV burden. These files are typically country-specific and contain both 

demographic data (population, fertility, migration, and HIV-free survival rates) and HIV-specific 

information. In all cases except migration, we substituted in our own, internally consistent demographic 

estimates. The HIV-specific information includes what is needed to run both the Spectrum and 

Estimation and Projection Package (EPP) models. Spectrum requires the following input data: AIDS 

mortality among people living with HIV with and without ART, CD4 progression among people living with 

HIV not on-ART, ART coverage among adults and children, Cotrimoxazole coverage among children, 
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coverage of breastfeeding among women living with HIV, prevention of mother-to-child transmission 

coverage, and CD4 thresholds for treatment eligibility. EPP uses many of the same assumptions as 

Spectrum but fits a simpler model to HIV prevalence data from surveillance sites and representative 

surveys. Antenatal care, incidence, prevalence, and treatment coverage data from UNAIDS were used in 

modelling for all locations. We extracted all of these data from the proprietary format used by UNAIDS. 

 
For GBD 2017, we received updated national-level files for 97 countries and updated subnational-level 

files for eight countries. For many of the GBD locations not covered by these files, we had UNAIDS files 

from an earlier year of estimation, which we used again. After combining, we were left with a set of 35 

countries for which we have never received a UNAIDS file, many of them countries with small 

populations and/or low HIV prevalence. In those places, we generated regional averages of all needed 

inputs. This enabled us to run Spectrum for every GBD location. 

 
In several cases, we have modified the structure or data in the UNAIDS files. In South Africa, Russia, Iran, 

New Zealand, Great Britain, Kenya, Japan, Indonesia, Mexico, United States, Norway, Brazil, Ukraine, 

and China, which we estimate at the subnational level, we split the national-level UNAIDS file into 

subnational datasets using assumptions from GBD 2017 demographics and GBD 2016 HIV prevalence. 

We also estimate at the subnational level in Ethiopia, Kenya, and India, but have subnational-level 

UNAIDS files for these locations; however, in Kenya and India, we must split larger subnationals to more 

granular locations. The subnational locations in Ethiopia, Kenya, India, and South Africa are fit as 

separate subpopulations in EPP, so we extracted the prevalence data for the individual subnationals. In 

BWﾐｷﾐが CﾗデW SげI┗ﾗｷヴWが H;ｷデｷが MﾗﾉSﾗ┗;が Mﾗ┣;ﾏHｷケ┌Wが NｷｪWヴｷ;が Tﾗｪﾗが );ﾏHｷ;が ;ﾐS )ｷﾏH;H┘Wが デｴW Iﾗ┌ﾐデヴ┞ 
files that we received from UNAIDS contained only subnational data without national-level aggregates. 

In these cases, we aggregated the UNAIDS files and ran EPP and Spectrum at the national level.  

 
Vital registration data 
We used all available sources of vital registration and sample registration data from the GBD Causes of 

Death database after garbage code redistribution and HIV/AIDS mis-coding correction, except in Group 

1A countries as described below.1, 2 There are two different cause of death data sources for HIV/AIDS in 

China: the Disease Surveillance Point (DSP) system and the Notifiable Infectious Disease Reporting 

(NIDR) system. Both systems are administered by the Chinese Center for Disease Control and 

Prevention, but the reported number of deaths due to HIV is significantly lower in DSP. Therefore, we 

have used the provincial-level ratio of deaths due to HIV/AIDS from NIDR to those from DSP, choosing 

the larger ratio between years 2013 and 2014, and scaled the reported deaths in the DSP system, which 

is in turn used in the spatiotemporal Gaussian process regression (ST-GPR). 

 
On-ART literature data  
D;デ; ┘WヴW ｷSWﾐデｷaｷWS H┞ ┌ゲｷﾐｪ ゲW;ヴIｴ デWヴﾏゲ さHIVがざ さﾏﾗヴデ;ﾉｷデ┞がざ ;ﾐS さ;ﾐデｷヴWデヴﾗ┗ｷヴ;ﾉ デｴWヴ;ヮ┞ざ ｷﾐ P┌HMWS 
searches across the literature. To be included, studies must include only HIV-positive people who 

receive antiretroviral therapy (ART) but who were ART-naïve prior to the study. In addition, studies must 

report either a duration-specific mortality proportion or a hazard ratio across age or sex, and must not 

include children. 

 
For duration-specific survival data, studies must report uncertainty on mortality estimates or provide 

stratum-specific sample sizes and must include duration-specific data to allow for calculation of 0-6, 7-

12, or 13-24 month conditional mortality. In addition, studies must either report separate mortality and 

loss-to-follow-up (LTFU) curves, be corrected for LTFU using vital registration data or double sampling, 

or be conducted in a high-income setting. Finally, studies must report the percent of participants who 

are male and the median age of participants.  
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Hazard ratio data for ages or sexes can only be used if the hazard ratios are controlled for other 

variables of interest (age, sex, and CD4 category). In GBD 2013, we identified 102 papers for extraction. 

For GBD 2015, we included 13 additional studies informing the duration-specific mortality estimation 

process and 26 studies informing the age and sex hazard ratio estimation process (some studies were 

used and counted in both). We also added one study to our LTFU analysis. For GBD 2016, we included 12 

additional studies informing the duration-specific mortality estimation process and 11 studies informing 

the age and sex hazard ratio estimation process (some studies were used and counted in both). For GBD 

2017, we included 17 additional studies informing the duration-specific mortality estimation process and 

13 studies informing the age and sex hazard ratio estimation process (some studies were used and 

counted in both). We also included two new studies in our LTFU analysis.  

 
Off-ART literature data 
In GBD 2013, to characterise uncertainty in the progression and death rates, we systematically reviewed 

the literature on mortality without ART. We searched terms related to pre-ART or ART-naive survival 

since seroconversion.3 After screening, we identified 13 cohort studies that included the cohorts used by 

UNAIDS from which we extracted survival at each one-year point after infection. Screening for 

additional, recently published studies in GBD 2015, GBD 2016, and GBD 2017 identified no new cohort 

studies for inclusion in this analysis. 

 
Severity splits and disability weights 
The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for HIV/AIDS 

severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Symptomatic HIV has weight loss, fatigue, and frequent infections. 0.274 
(0.184に
0.377) 

AIDS with antiretroviral 

treatment 
has occasional fevers and infections. The person takes 

daily medication that sometimes causes diarrhoea. 
0.078 
(0.052に
0.111) 

AIDS without 

antiretroviral treatment 
has severe weight loss, weakness, fatigue, cough and 

fever, and frequent infections, skin rashes, and diarrhoea. 
0.582 
(0.406に
0.743) 

 

The proportion of people living with HIV/AIDS who are being treated with antiretroviral therapy is an 

output of Spectrum, the compartmental model used to make consistent incidence, prevalence, and 

mortality estimates described below. 

 

Modelling strategy 
 

In GBD 2017, our general modelling strategy for estimating HIV incidence, prevalence, and mortality is 

very similar to the strategy used in GBD 2016. We continue to use the Spectrum program rewritten in 
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Python for GBD 2013 to facilitate faster and more flexible execution necessary for our more intensive 

computational needs. We made several changes to the modelling strategy in Spectrum comparing to the 

Spectrum software used by UNAIDS. We also, again, ran EPP using an open-source computer program in 

R written by Jeffrey Eaton.4 We ran EPP for all Group 1 countries in order to produce incidence and 

prevalence estimates that were consistent with the demographic and epidemiological assumptions used 

in GBD 2017. 

 
On-ART 
First, we corrected reported probabilities of death for loss to follow-up using an update of the approach 

developed by Verguet and colleagues.5 Verguet and colleagues used tracing and follow-up studies to 

empirically estimate the relationship between death in LTFU and the rate of LTFU.  
To create estimates of age-specific hazard ratios, we synthesised hazard ratio data in five broad age 

groups: 15-25, 25-35, 35-45, 45-55, 55-100, and modelled the data using DisMod-MR 2.1. 

 
To create estimates of sex-specific hazard ratios, we use the metan function in Stata to create estimates 

of relative risks separately by region, using female age groups as the reference group. 
The age and sex hazard ratios were applied to the study-level mortality rates, accounting for the 

distribution of ages and sexes in the mortality data. We then subtracted HIV-free mortality from the 

model life table process to calculate study-level age-sex HIV-specific mortality. 

 
We used DisMod-MR 2.1 to synthesise the age-sex-split study-level data into estimates of conditional 

probability of death over initial CD4 count.3 We modelled the data separately by duration, age, sex and 

region and added a fixed effect on whether the study was conducted prior to 2002. Finally, we replaced 

our on-ART mortality rates with those estimated off treatment if they were higher.   

 

Off-ART 
Following UNAIDS assumptions, no-ART mortality is modelled as shown in the figure below.3  

 

 
 

The death and progression rates between CD4 categories vary by age according to four age groups: 15に
24 years, 25に34 years, 35に44 years, and 45 years or older. We modelled the logit of the conditional 

probability of death between years in these studies using the following formula: 

 

 
 

In the formula, m is conditional probability of death from year tj to tj+1, ai is an indicator variable for age 

group at seroconversion (15に24 years, 25に34 years, 35に44 years, and 45 years or older), tj is an indicator 

variable of year since seroconversion, and u゛ is a study-level random effect.  
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By sampling the variance-covariance matrix of the regression coefficients and the study-level random 

effect, we generated 1,000 survival curves for each age group that capture the systematic variation in 

survival across the available studies. For each of the 1,000 survival curves, we used a framework 

modelled after the UNAIDS optimisation framework in which we find a set of progression and death 

rates that minimises the sum of the squared errors for the fit to the survival curve.8, 9 

 

Changes for GBD 2017 
In GBD 2017, we chose to estimate mortality for each region in its own DisMod model, whereas previous 

GBD iterations estimated all regions together with fixed effects. This change was driven by new results 

from the IeDEA cohort collaboration which provided enough data to estimate mortality trends by CD4 in 

each region separately.6 We also added a year covariate to our LTFU model reflecting evidence from a 

large meta-analysis by Zurcher and colleagues, which showed that mortality among the LTFU has 

declined in recent years.7 Finally, we replaced our estimated on-ART mortality rates by rates off ART, 

accounting for progression to lower CD4 categories, if the on-ART rates were higher. This was done to 

ensure individuals would not experience higher mortality when they entered treatment in Spectrum. 

 

Burden estimation overview 
 

UNAIDS uses two key analytical components in their epidemiological estimation. EPP is used to estimate 

incidence and prevalence trajectories that are consistent with prevalence surveys and other prevalence 

measurements such as antenatal clinic sero-surveillance. Spectrum is a compartmental HIV progression 

model used to generate age-specific incidence, prevalence, and death rates from the EPP incidence and 

prevalence curves and assumptions about intervention scale-up and local variation in epidemiology. 

 
Due to the substantial differences in the quality and types of data available across different countries, 

we used three different methodologies to produce year-, age-, and sex-specific estimates of HIV 

incidence, prevalence, and mortality. 

 

Spectrum 
For GBD 2013, we created an exact replica of Spectrum in Python. This enabled us to run thousands of 

iterations of the model at once on our computing cluster and allowed for more flexible input data 

structures. Additionally, in order to generate estimates with more realistic ranges of uncertainty than 

those in UNAIDS 2012, we adjusted all input data by uniformly sampled factors between 0.9 and 1.1. 

These changes, along with our new estimation of with- and without-ART mortality and CD4 progression 

parameters, persist into GBD 2017. 

 

Changes for GBD 2017 
For GBD 2017, we implemented a new approach to address selection bias resulting from temporal and 

geographic variation in ANC reporting, which has the potential to skew unadjusted estimates, especially 

early in the epidemic when there are no nationally representative prevalence surveys to anchor 

estimates.14 To address this issue, the specification of the likelihood of observed ANC clinic data within 

EPP includes random intercepts for each clinic. While this approach largely accounts for differences in 

level between clinics, it does not impact the estimated shape of the epidemic. In order to leverage 

available information from nearby geographies, we developed a model for data imputation which 

establishes an epidemic peak from a first-stage model fit to ANC clinic data from a location and its nearest 

neighbours. The model included random effects for country, clinic, and time. The year of the largest 

random effect was used as tmax the location of a single knot in an imputation model which predicted the 
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logit of prevalence in each year for a clinic as a linear spline. We can write this method mathematically in 

the following way: 

 

ʌi(t) is prevalence among ANC attending pregnant women in clinic i, with location-level intercept ɴ0, 

linear spline S(t) with a knot at tmax, and site-specific fixed effects Xi. 

One thousand draws of imputed clinic prevalence, accounting for covariance between predictors, were 

generated for clinic-years where at least one clinic had an observation in a given year. These draws were 

used for each of the 1,000 EPP runs we ran for each location. 

Additionally, for GBD 2017 we improved our sex-specific modelling strategy in Spectrum by sex-splitting 

incidence based on a model fit to the sex ratio of prevalence observed in countries with representative 

surveys. We also updated the Spectrum pediatric module to reflect changes made by UNAIDS.10 Our 

child module was revised to include CD4 progression and CD4-specific mortality rates taken from a 

model fit to survival data from IeDEA. We also updated child initiation of ART to include data on-ART 

distribution from IeDEA.   

ART coverage distribution 

Iﾐ UNAID“げ ｷﾏヮﾉWﾏWﾐデ;デｷﾗﾐ ﾗa “ヮWIデヴ┌ﾏが ｷﾐｷデｷ;デｷﾗﾐ ﾗa A‘T ｷゲ Iﾗﾐゲデヴ;ｷﾐWS H┞ WﾉｷｪｷHｷﾉｷデ┞ IヴｷデWヴｷ; ;ﾐS 
distributed across CD4 count groups according to both the expected number of deaths and the number 

of people in each untreated CD4 count group に groups with a large proportion of PLHIV and high 

numbers of expected deaths initiated the most individuals into treatment. Three surveys were available 

at the time of publication that contained questions which can help inform the CD4 count distribution of 

ART coverage, Uganda AIS 2011 and Kenya AIS 2007 and 2012. Both of these surveys conducted CD4 

count measurements and include a question regarding the amount of time that an individual receiving 

ART had been enrolled in treatment. Survey data provide cross-sectional CD4 count information; 

however, the Spectrum modelling framework tracks individuals by categorical CD4 count at the initiation 

of treatment. In order to crosswalk the cross-sectional survey data into estimates of CD4 count at 

treatment initiation, we built a model using relevant cohort data which tracked changes in CD4 count 

;aデWヴ ｷﾐｷデｷ;デｷﾗﾐ ﾗa デヴW;デﾏWﾐデ デﾗ デヴ;ﾐゲﾉ;デW ;ﾐ ｷﾐSｷ┗ｷS┌;ﾉげゲ I┌ヴヴWﾐデ CDヴ Iﾗ┌ﾐデ ;ﾐS S┌ヴ;デｷﾗﾐ ﾗﾐ デヴW;デﾏWﾐデ 
into CD4 count at initiation of treatment. The functional form for changes in CD4 count as a function of 

duration on treatment was a natural spline on duration with knots at 3, 12, 24 and 36 months, and an 

interaction between initial CD4 count and duration.  

 
After crosswalking, we predicted the probability of being on treatment as a function of individual 

income (measured through an asset-based index), stratified by CD4 count, age, and sex. The results of 

this prediction were translated into country-specific age-sex-year-CD4 count probabilities of coverage 

using a conversion factor between individual income and LDI. We used stochastic frontier analysis to 

constrain the maximum possible coverage for a given degree of income and CD4 count. Predicted 

probabilities of coverage were input to Spectrum to inform the distribution, and not the overall level, of 

ART treatment by CD4 count. Spectrum converted counts of expected individuals on treatment in each 
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CD4 count group and scaled the distribution across CD4 count groups to match the input data on the 

number of people on ART coming from UNAIDS country files. In cases where the predicted number of 

individuals initiating treatment exceeds the total number of untreated individuals in a CD4 count group, 

we reallocate treatment evenly to other CD4 count groups. 

 
Countries with seroprevalence surveys and antenatal clinic data (Groups 1A and 1B) 
We identified 50 countries に as well as subnational locations in India, Kenya, Ethiopia, and South Africa に 

with at least 0.5% adult HIV prevalence and at least one geographically representative HIV 

seroprevalence survey or available antenatal care clinic (ANC) data. In order to ensure that our 

estimates of incidence and prevalence in these places were consistent with our estimates of HIV 

progression, we used a version of EPP written in R and C++ by Jeffrey Eaton to create new fits to the 

available prevalence data. The version of EPP used in GBD 2017 was updated in 2017 by Jeffrey Eaton. In 

this new version, an ANC prevalence adjustment was included and incorporated with the 2016 lookup 

database for the relative risk between pregnant women and the whole adult population and an 

additional parameter to estimate ANC variance inflation was included as well.  

 
For adjusting ANC data to align with the national 15 to 49 both sexes population, we extracted data on 

HIV prevalence among pregnant women who gave birth within the last year and attended an ANC clinic 

from available DHS surveys. A simple model with regional random effects was run to generate location-

specific prior distributions for the ANC bias adjustment where surveys were available, and regional 

priors for locations without a survey. The adjustment using a time-series of relative risk between 

pregnant women and the adult population was removed, and the ANC bias parameter was changed to 

account for all of the biases observed between these two populations.   

 
In the new version of EPP, in addition to the equilibrium prior assumption of the force of infection in 

projection, a random walk approach is available as an alternative method. For locations with two or 

more prevalence surveys and a declining trend between the mean of the most recent two surveys, the 

random walk approach was chosen to project the force of infection. We assumed the change of the log 

scaled force of infection was following a normal distribution with mean equal to the median of the 

change of the modelled force of infection among the years having ART implemented or prevalence data, 

and the SD was equal to the default setting as the mean SD of the change of the modelled force of 

infections among the years having prevalence data. The projection year was chosen from the most 

recent year between the year with the lowest model force of infection and the year of the second latest 

survey data. 

 
In the new EPP code, an optimisation step was added into IMIS function to speed up the parameter 

sampling step based on Raftery and Bao.10 Two optimisation methods have been introduced. The main 

algorithm is BroydenにFletcherにGoldfarbにShanno (BFGS) optimisation. If BFGS fails, Nelder-Mead 

optimum is used instead. In our 2016 EPP model, by substituting in our own assumptions about HIV 

progression rates and on/off ART mortality, we were able to ensure that the implied relationship 

between incidence and mortality/prevalence in EPP is similar to that in Spectrum. 

 
To incorporate uncertainty in our mortality and progression parameters, we run EPP with separate 

draws of each of these parameters. This process produced 1,000 sets of EPP output for each of the 

locations that make up the 48 countries in the group. Every set of EPP outputs contains 500 consistent 

draws of HIV incidence and prevalence in adults aged 15-49. 

 
For every location in the group, we sampled one of the 500 incidence/prevalence draws from each of 

the sets of EPP results. By sampling one draw from each set, we ensured that the distribution of 
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progression parameters dictating the relationship between incidence and prevalence was exactly the 

same as the distribution of the sorted parameters generated in the previous step.  At the end of this 

process, for every location in the set of 48 countries, we were left with 1,000 linked draws of adult 

incidence and prevalence and the exact mortality and progression parameters that generated those 

draws. We then ran these results, along with the previously described demographic and HIV-specific 

inputs, through Spectrum to produce location-, year-, age-, and sex-specific estimates of HIV incidence, 

prevalence, and mortality. 

 
The HIV/mortality reckoning process is intended as a method of reconciling separate estimates of HIV 

mortality (and its resulting effect on estimates of HIV-free and all-cause mortality) in Group 1 countries 

by averaging estimates of HIV mortality from the model life table process and EPP-Spectrum. Additional 

details on the reckoning can be found in the GBD 2017 mortality manuscript.11   

 
Since Spectrum produces HIV incidence, prevalence, and deaths that are consistent with one another 

over time, the reckoning process results in death numbers that are no longer consistent with the 

incidence and prevalence produced in Spectrum. In order to recreate this consistency, we recalculated 

incidence for all Group 1 locations using reckoned deaths and prevalence produced by Spectrum. The 

updated incidence is calculated by aggregating counts of new infections, HIV deaths from Spectrum, and 

HIV deaths after reckoning at the year-sex level. The difference between reckoned HIV deaths and HIV 

deaths from Spectrum is added to Spectrum incidence, and we calculate the ratio between updated 

incidence and Spectrum incidence. Age-specific counts of new infections are then scaled by their 

corresponding sex-year ratios. 

 

Countries with vital registration data (Group 2A and 2B)     
Vital registration is one of the highest-quality sources of data on HIV burden in many countries, so 

generating estimates that are consistent with these data with necessary adjustment to account for any 

potential underreporting is critical. We identified 108 countries に as well as 574 subnational locations 

from Brazil, China, Japan, Indonesia, India, Mexico, Sweden, the United Kingdom, Ukraine, Russia, New 

Zealand, Iran, Norway and the United States に with usable points of vital registration data, verbal 

autopsy (VA) data, or sample registration system (SRS) data. In India, Vietnam, and Indonesia, we used 

SRS and VA data, respectively, as input mortality for CIBA. For India we extracted the resulting age-sex 

distribution of incidence but scaled the level to match the adult incidence rate estimated from EPP for 

each state. 

 
We imputed missing years of data to generate a complete time series for HIV from the estimated start 

year of the epidemic using ST-GPR. We analysed mortality trends using ST-GPR starting in 1981, the year 

that HIV was first identified in the United States.12 For ST-GPR, we adjusted the lambda (time weight) 

and GPR scale according to the completeness of vital registration data, with 4- and 5-star quality VR 

using parameters designed to follow the data more closely. We produced separate splines by 

country/age group, up to the peak year of death rate. We then ran a linear regression with fixed effects 

on region, age, and sex. Following this, we ran space-time residual smoothing, in which time, age, and 

space weights are used to inform smoothing of the residuals between data points and the linear 

regression estimate. From this process, we generated space-time estimates with the applied weights, 

along with the median absolute deviation (MAD) of the space-time estimates from the data. The MAD 

was calculated at various levels of the geographic hierarchy (eg, subnational and national), and was 

added into the data variance term. The data variance and space-time estimates were then analysed 

using Gaussian process regression to return a final estimate of mortality along with uncertainty. 
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Although Spectrum produces HIV mortality estimates that are within the realm of possibility in most 

countries using the incidence curves provided in the UNAIDS country files, it is a deterministic model 

that has not yet been integrated into an optimisable aヴ;ﾏW┘ﾗヴﾆく TｴWヴWaﾗヴWが ｷﾐ ﾗヴSWヴ デﾗ さaｷデざ ｷデ デﾗ ┗ｷデ;ﾉ 
registration data, we need to adjust input incidence. 

 
To improve the fit of this process, in GBD 2015, we restructured Spectrum to track cohorts by year of 

HIV infection. With this version of Spectrum we can output, among many other metrics, HIV deaths by 

year, age, sex, and infection cohort. This enables us to adjust incidence to fit to death much more 

precisely and without making any rigid assumptions about the time from HIV infection to HIV death. 

 
We have incorporated these improvements into a cohort incidence bias adjustment (CIBA) process. 

First, we ran Spectrum normally to produce 1,000 draws of incidence, prevalence, and mortality. Then, 

by year, age, and sex, we took the ratio of VR deaths to Spectrum deaths to quantify the amount of bias 

in Spectrum. Using draw-level duration data from the new version of Spectrum, for every year-, age-, 

and sex-specific infection cohort, we calculated the share of all HIV deaths observed over the course of 

the projection period in that cohort that would occur in each year after the year of infection. For 

example, projecting from 1970 through 2016, we identified the cohort of men infected in 1992 at the 

age of 16, calculated the total number of HIV deaths in that cohort in all subsequent years through the 

end of 2016, and divided the annual number of deaths by that total. This showed us the distribution of 

deaths among that cohort over the projection period. In the most extreme case (infections in 2015), we 

could only produce one point of that distribution (2016), so that single value is exactly 1·0; 100% of the 

deaths observed in that cohort occurred in 2016. 

 
We then used these distributions of death to weigh the ratio of VR deaths to Spectrum deaths, meaning 

that ratios in the years where we expect the largest share of deaths were weighed most heavily. We 

then multiplied the initial size of that cohort from the normal run of Spectrum by the sum of the 

combined ratios to get a new estimate of new cases in that year/age/sex combination. 

 
We can write this method mathematically in the following way: 堅痛 噺 撃迎痛経痛  貢痛痛貸沈 噺 穴痛痛貸沈デ 穴賃痛貸沈津賃退痛貸沈袋怠  

糠痛貸沈 噺 布 堅賃津
賃退痛貸沈袋怠 茅 貢賃痛貸沈 券叩辰棚探坦担奪辰痛貸沈 噺 糠痛貸沈 茅 券痛貸沈 

 撃迎痛 is the number of HIV/AIDS deaths in year 建 from ST-GPR, and 経建 is the number of HIV/AIDS deaths 

from the first run of Spectrum. In the second equation, 穴建建伐件 is the number of HIV/AIDS deaths among 

members of infection cohort 建 伐 件 in year 建, with 件 半 な, from the new, duration-tracking version of 

Spectrum, and 券 is final year of the projection. Therefore, 貢建建伐件 is the share of observed deaths in cohort 建 伐 件 that we expect to occur in year 建. It follows that 糠建伐件 is the weighted adjustment ratio described 

above, which we multiply by the estimated initial size of infection cohort 建 伐 件 as calculated in the first-

stage Spectrum run to get the adjusted number of new cases, 券adjusted建伐件 . This process is run separately for 

every sex, single-age, and draw. 
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CIBA allows ratios in each year after a given infection year to influence the final adjustment to incidence. 

The size of that influence is determined by the relative importance of that year in the cohort-┞W;ヴげゲ 
distribution of deaths over time. The result is a new set of 1,000 draws of incidence and a set of 1,000 

ratios of post-adjustment incidence to pre-adjustment incidence. We perform this adjustment using 

mean durations from the new version of Spectrum in order to try to shift the mean of the regular 

distribution of deaths. 

 
Finally, to produce location-, year-, age-, and sex-specific estimates of HIV incidence, prevalence, and 

mortality, we ran the new estimates of incidence and all previously input data through Spectrum. 

 
Countries without survey data and vital registration data (Group 2C) 
The remaining 30 countries に as well as Macao Special Administrative Region of China に had neither 

geographically representative seroprevalence surveys nor reliable vital registration systems. To produce 

estimates of HIV burden in these countries, we assumed that Spectrum is similarly biased as in other 

Group 2 countries within the same super-region. This involved running Spectrum, adjusting incidence 

using 1,000 adjustment ratios randomly sampled from CIBA results from the same super-region, and 

rerunning Spectrum using the new draws of adjusted incidence. As above, the estimates of incidence, 

prevalence, and mortality were incorporated into the rest of the machinery via the reckoning process. 

HIV/AIDS resulting in other diseases 

There are two Level 4 causes under the HIV/AIDS Level 3 cause in the GBD 2015 cause hierarchy. The 

modeling process for HIV/AIDS-tuberculosis is detailed in a separate part of this appendix. We computed 

deaths for HIV resulting in other diseases by subtracting HIV/AIDS-tuberculosis deaths from all HIV 

deaths at the 1,000-draw level. 

 

 

Source Counts 

HIV on/off treatment Other 

Site-years (total) 17,045 

Number of countries with data 148 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-regions) 7 
 

HIV Prevalence Other 

Site-years (total) 2,037 

Number of countries with data 51 

Number of GBD regions with data (out of 21 regions) 9 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

HIV Incidence case reports Other 

Site-years (total) 666 

Number of countries with data 54 

Number of GBD regions with data (out of 21 regions) 7 

Number of GBD super-regions with data (out of 7 super-regions) 3 
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Sexually transmitted infections (STIs), excluding HIV: 

Chlamydia, gonorrhoea, trichomonas, genital herpes due to HSV-2, syphilis (early 

infection and adult tertiary syphilis), and other STIs 
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Abbreviations

H: Genital herpes due to HSV-2

C: Chlamydial infection

G: Gonococcal infection

T: Trichomoniasis

ES: Early syphilis infection

TS: Adult tertiary syphilis

PID: Pelvic inflammatory disease

 

 

Input data and methodological summary 

 

Case definition 

For GBD 2017, we estimated the prevalence and incidence of genital and reproductive tract infection with 

several common sexually transmitted infections, including Chlamydia trachomatis, Neisseria gonorrhoea, 

Trichomonas vaginalis, Treponema pallidum (syphilis), and genital herpes associated with seroprevalent 

HSV-2. Separate estimates were completed for early syphilis and adult tertiary syphilis. ICD-9 and ICD-10 

codes associated with each cause in the GBD 2017 cause-specific mortality analyses are listed below. Of 

note, mortality was assumed to be zero in trichomoniasis and genital herpes infection, and YLDs due to 

congenital syphilis were not estimated.  

 

Table 1. International classification of diseases codes for sexually transmitted infections in GBD 2015 cause of death 

analysis  

Condition ICD10 code ICD9 code 

Sexually transmitted 

infections (STI) excl HIV 
A50-A60, A63-A64, I98.0, K67.0-K67.2, M73.0-M73.1 090-099,131,614 

Syphilis A50-A53, I98.0, K67.0-K67.2, M73.0-M73.1 090-097 

Congenital syphilis A50 090 

Early syphilis A51 091 

Adult tertiary syphilis A52, I98.0 093-095 
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Chlamydial infection A55-A56,K67.0 099.41,099.5 

Gonococcal infection A54,K67.1 098 

Trichomoniasis A59,K67.0 131 

Genital herpes A60 054.1 

Other STI A57-A58, A63-A64, M73.0 099 (except 099.41, 099.5) 

 

Input data 

Model inputs 

Systematic literature reviews were completed on April 17, 2015, for chlamydia, gonorrhoea, trichomonas, 

genital herpes, and early syphilis. Three related search strings were used as many studies report on 

multiple infections. With the exception of the early syphilis literature review, which was completed in 

GBD 2015, these were the same search strings and strategies as were employed in GBD 2013.  

462 initial hits; 54 sources selected for full text review and data extraction: (((chlamydia[Title/Abstract] OR 

chlamydia tracomatis[Title/Abstract] OR trachoma[Title/Abstract]) AND prevalence[Title/Abstract]) AND 

('2013'[Date - Publication] : '2015'[Date - Publication]))   /// ((gonorrhea[Title/Abstract] OR 

Neisseria[Title/Abstract] OR gonococcal[Title/Abstract]) AND prevalence[Title/Abstract]) AND 

("2013"[PDAT] : "2015"[PDAT]) /// ((trichomonal[Title/Abstract] OR trichomonas[Title/Abstract]) AND 

prevalence[Title/Abstract]) AND ('2013'[PDAT] : '2015'[PDAT])   

1265 initial hits; 178 sources selected for full text review and data extraction: ("syphilis"[MeSH] OR 

"Treponema pallidum"[MeSH]) NOT "Yaws"[MeSH] AND "prevalence"[MeSH] AND "1990"[PDAT] : 

"2015"[PDAT] AND "humans"[MeSH]  ("syphilis"[MeSH] OR "Treponema pallidum"[Mesh]) NOT 

さY;┘ゲざぷMW“Hへ AND ふゎｷﾐIｷSWﾐIWゎぷMW“Hへぶ AND ふゎヱΓΓヰゎぷPDATへ ぎ ゎヲヰヱヵゎぷPDATへぶ AND ゎｴ┌ﾏ;ﾐゲゎぷMW“Hへぶ  

13 initial hits; 1 selected for full text review and data extraction: herpes"[Title/Abstract] OR "Herpesvirus 2, 

Human"[Mesh]) AND ("Prevalence"[Title/Abstract] OR "Incidence"[Title/Abstract] AND ("2015"[PDAT] : 

"2015"[PDAT]) 

 

The genital herpes dataset was supplemented by those sources contained in recent published estimates 

completed by Looker and colleagues. For all other STIs, most notably early syphilis, we supplemented our 

datasets with manual search of national ministry of health websites, antenatal clinic surveillance reports, 

and case-notification data from locations where centralised reporting is mandatory.  

To be included, a study must report on laboratory-confirmed diagnosis of an STI. For each STI, the 

reference category for diagnostic modality was a DNA-based test (eg, PCR or other nucleic acid 

amplification test) or a blood-serology test (for syphilis: treponemal, non-treponemal) and data using any 

other diagnostic test were quantitatively crosswalked to the reference category using binary study-level 

covariates in DisMod-MR 2.1. For genital herpes, any sources that did not use nucleic acid amplification 

were excluded. Given the potential variability in immunological reasons for false positives in each of the 

other STI categories, we also did not perform any adjustment for published sensitivity and specificity of 

tests, as these results are often drawn from particular populations that may not be representative of the 

global experience for each infection.  

For all STI, including genital herpes, sources were excluded if the sample population was drawn 

exclusively from a high-risk group (eg, HIV-positive, men who have sex with men [MSM], or sex workers).  
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In GBD 2016, all surveillance data were considered prevalence when modelling chlamydia and 

gonorrhoea, and all incidence data were converted to prevalence when modelling early syphilis by 

dividing by the percent symptomatic (~5%). However, this decision was reversed for GBD 2017. Due to 

difficulty in reconciling differences between prevalence and incidence sources, likely due to 

underreporting in surveillance data, incidence data were ignored for all STIs. 

To better reflect disease duration differences by sex and location for each STI excluding genital herpes, 

consistent duration ranges were calculated using a sum of the duration of untreated and treated disease, 

weighted by the percent of individuals that are symptomatic and the probability of receiving treatment if 

symptomatic with the formula below. These estimates were calculated from published numbers in GBD 

2000 and WHO 2005, which were largely expert-driven. The probability of treatment if symptomatic was 

scaled using the Healthcare Access and Quality (HAQ) index to compute this probability for each location 

and year. For syphilis, durations per stage (primary, secondary, latent, and tertiary) were calculated 

individually and summed along with the average seroreversion by stage, weighing by the proportion of 

cases remaining at each stage and including the time it would take to serorevert after adequate 

treatment. 

Data were outliered or excluded if we found them unreasonable when compared to regional, super-

regional, and global rates. 

Composition of final datasets are shown below for each of the different STI models.  

Gonococcal infection 

 Incidence Prevalence 

Site-years (total) 2,993 150 

Number of countries with data 46 61 

Number of GBD regions with data (out of 21 regions) 9 19 

Number of GBD super-regions with data (out of 7 super-regions) 4 7 

 

Chlamydial infection 

 Incidence Prevalence 

Site-years (total) 2,154 291 

Number of countries with data 14 91 

Number of GBD regions with data (out of 21 regions) 6 20 

Number of GBD super-regions with data (out of 7 super-regions) 3 7 

 

Early syphilis 

 Incidence Prevalence 

Site-years (total) 2,812 830 

Number of countries with data 57 137 

噺 岫ガ 鯨検兼喧建剣兼欠建件潔岻岫鶏堅剣決眺掴岻岫経憲堅欠建件剣券眺掴岻 髪岫な 伐  ガ 鯨検兼喧建剣兼欠建件潔岻岫経憲堅欠建件剣券 津墜痛 眺掴岻                                  髪岫ガ 鯨検兼喧建剣兼欠建件潔岻岫な 伐  鶏堅剣決眺掴岻 (経憲堅欠建件剣券 券剣建 迎捲) 

拶四司珊嗣餐伺仔 
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Number of GBD regions with data (out of 21 regions) 14 20 

Number of GBD super-regions with data (out of 7 super-regions) 6 7 

 

Adult tertiary syphilis 

 Incidence Prevalence 

Site-years (total) 271 641 

Number of countries with data 2 35 

Number of GBD regions with data (out of 21 regions) 2 15 

Number of GBD super-regions with data (out of 7 super-regions) 2 6 

 

Trichomoniasis infection 

 Incidence Prevalence 

Site-years (total) 2 162 

Number of countries with data 1 55 

Number of GBD regions with data (out of 21 regions) 1 19 

Number of GBD super-regions with data (out of 7 super-regions) 1 7 

 

Genital herpes 

 Incidence Prevalence 

Site-years (total) 48 312 

Number of countries with data 17 76 

Number of GBD regions with data (out of 21 regions) 7 20 

Number of GBD super-regions with data (out of 7 super-regions) 4 7 

 

Modelling strategy  

We estimated the nonfatal burden of STI in three parts. For the first part we estimated the prevalence, 

incidence, remission, and case fatality from acute infection associated with gonococcus, chlamydia, 

trichomoniasis, genital herpes (from herpes simplex virus 2), early syphilis, and adult tertiary syphilis using 

the data above and DisMod-MR 2.1. Not all cases of STI are symptomatic, so we used literature review to 

guide splitting prevalent cases into asymptomatic and symptomatic health states. Specific modelling 

considerations in DisMod-MR 2.1 for each STI are described below.  

The second part, which is estimation of prevalence, incidence, remission and case fatality from pelvic 

inflammatory disease (PID) and PID-induced primary and secondary infertility, is described in a separate 

section on those conditions. Briefly, for PID we used ICD-9 and ICD-10 coded discharge datasets, 

Marketscan claims database, and systematic literature review to develop a dataset that was subsequently 

modelled for all geographies using DisMod-MR 2.1. Processing steps for discharge and claims data are 

described separately. PID was then split into underlying ideologies (chlamydia, gonorrhoea, and other) 

using results of supplemental literature review and DisMod-MR 2.1 models of the proportion due to each 
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etiology. PID-induced primary and secondary infertility assuming only a fixed subset of incident PID cases 

develop infertility and that there is no remission in these cases.  

The third and final part involved finding the ratio of YLD to YLL ratio for all STI (excluding other STI) and 

then applying that same ratio to other STI YLLs.  

Gonococcal infection 

Prevalence data from literature were the primary inputs, reversing the decision to interpret notifications 

as prevalence in GBD 2016. Incidence data from case notification systems and surveillance were ignored 

in the final model as they were magnitudes below prevalence studies. However, a model using only 

incidence data was used to inform an age-split on the prevalence data as the notifications had more 

detailed age-specific data available.   

Incidence was restricted to occur only between ages 10 and 69. EMR was set to have a maximum value of 

0.0001. Remission rates were calculated for each location-year by combining percent of individuals that 

show symptoms, the proportion that receive treatment if symptomatic, and the disease duration if 

untreated/treated as described previously. Study covariates included crosswalks for data where case 

diagnosis was based on culture or other non-nucleic acid amplification tests (PCR is the gold-standard 

diagnostic method). Female-to-male ratio of prevalence and incidence was restricted to not exceed 

2.01:1, an approach that was used to account for relatively sparse data from males. Coverage proportion 

of four visits to antenatal care clinics (ANC4) was the only country covariate and was assigned to 

prevalence.  

We assigned the proportion of persons who developed symptoms of infection and/or epididymo-orchitis. 

Both were unchanged from GBD 2010 and are the same as used in WHO analyses. Males were assigned a 

fixed proportion of each of the following health states. EヮｷSｷS┞ﾏﾗどﾗヴIｴｷデｷゲ SｷaaWヴWS for geographies with 

long time series of high-ケ┌;ﾉｷデ┞ ┗ｷデ;ﾉ ヴWｪｷゲデヴ;デｷﾗﾐ S;デ; ふさdata-ヴｷIｴざぶ Iﾗﾏヮ;ヴWS デﾗ ｪWﾗｪヴ;ヮｴｷWゲ ┘ｷデｴ ヮﾗﾗヴ 
S;デ; ふさ;ﾉﾉ ﾗデｴWヴゲざぶく Tｴｷゲ ゲヮﾉｷデ ┘;ゲ ヮWrformed for developed versus developing countries in GBD 2013 and 

GBD 2010. Data-rich proportion was 0.03 (0.015に0.045) and all others was 0.0975 (0.0483に0.143). To 

adjust prevalence and YLDs from epididymo-orchitis due to gonococcal infection for the increased 

disability weight but much shorter duration, epididymo-orchitis incidence was taken from the split and 

modelled separately in DisMod with a duration of three weeks. A proportion of those not assigned 

epididymo-orchitis, 0.5875 (0.5288に0.6463), were assigned a health state of mild, acute infectious 

disease. The remainder were assumed to be asymptomatic. Females were estimated to have a proportion 

with mild, acute infectious disease of 0.34 (0.306に0.374) and the remainder asymptomatic.  

Gonococcal infection 

Study-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Sex prevalence Global -0.043 ( -0.31 to 0.21) 0.96 (0.74に1.24) 

Culture-positive prevalence Global -0.03 ( -0.097 to -0.0012) 0.97 (0.91に1.00) 

Diagnosis other prevalence Global -0.16 ( -0.29 to -0.012) 0.85 (0.75に0.99) 

 

Country-level covariate Parameter beta Exponentiated beta 
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Antenatal Care (4 visits) 

Coverage (proportion) prevalence -0.054 ( -0.098 to -0.0032) 0.95 (0.91に1.00) 

 

Chlamydial infection 

Chlamydia estimation methods were the same as used for gonococcal infection described above, with a 

few exceptions. No age-split was performed as the age pattern without an age-split was reasonable. The 

female-to-male sex ratio of prevalence and incidence was restricted to not exceed 1.35:1. The proportion 

of antenatal care coverage (four visits) was applied as a country-level covariate on prevalence. 

The approach to estimating sequelae was the same as for gonorrhoea, including the adjustment for 

shorter epididymo-orchitis duration, although the proportions in each state were different. Data-rich 

proportion was 0.02 (0.01に0.03) and all others was 0.0625 (0.0325に0.0975). A proportion of the 

remainder, 0.505 (0.4545に0.5555), were assigned a health state of mild, acute infectious disease. The 

remainder were assumed to be asymptomatic. Females were estimated to have proportion with mild, 

acute infectious disease of 0.17 (0.153に0.187) and the remainder asymptomatic. Again, despite a higher 

number of cases among females, the YLD per case among males was higher.  

Chlamydial infection 

Study-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Sex prevalence Global 0.17 ( -0.29 to 0.0097)  0.85 (0.75に1.01) 

Diagnosis other prevalence Global 0.38 (0.14に0.59) 1.46 (1.15に1.81) 

Culture-positive prevalence Global -0.072 ( -0.23 to -0.0012) 0.93 (0.80に1.00) 

 

Country-level covariate Parameter beta Exponentiated beta 

Antenatal Care (4 visits) 

Coverage (proportion) prevalence -0.047 ( -0.097 to -0.0024) 0.95 (0.91に1.00) 

 

Trichomoniasis 

Trichomoniasis estimation methods were similar to those used for gonococcal and chlamydia infection. 

However, the female-to-male sex ratio was unbounded, and excess mortality rate was assumed to be 

zero. Like the other STIs, surveillance and case-notification data for trichomonas was considered to be 

unreliable and not used. Accordingly, no age-split using incidence data was used. The reference definition 

for diagnostic was PCR, and wet mount and culture positive were crosswalked against the reference 

definition.  

Only a small proportion of males were assumed to be symptomatic, 0.067 (0.063 に 0.073), with 

trichomoniasis and assigned a health state of mild, acute infectious disease. For females, 0.34 (0.306に
0.374) were assigned a health state of mild, acute infectious disease.  

Trichomon  infection 

Study-level covariate Parameter Geography 

level 

beta Exponentiated beta 
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Sex prevalence Global -1.62 ( -1.98 to -0.85) 0.20 (0.14に0.43) 

Diagnostic wet mount prevalence Global -0.43 ( -0.65 to -0.18) 0.65 (0.52に0.83) 

Culture-positive prevalence Global -0.22 ( -0.49 to 0.065) 0.80 (0.61に1.07) 

 

Country-level covariate Parameter beta Exponentiated beta 

Antenatal care (4 visits) 

coverage (proportion) prevalence 

-0.053 ( -0.098 to -0.0031) 0.95 (0.91に1.00) 

 

Genital herpes due to HSV-2 

Genital herpes estimation assumed mortality is zero and remission is a small value (0に0.02) to account for 

a subset of herpes-infected patients becoming test-negative over time due to seroreversion. Incidence 

estimates were based on mathematical integration of age-specific prevalence data using DisMod-MR 2.1. 

Incidence was restricted to occur between ages 10 and 79. After careful analysis, the modelling strategy 

for genital herpes has evolved to exclude high-risk populations including MSM, HIV-positive, prisoners, 

sex workers, drug users, and STI clinic samples. However, blood donor samples were included and 

crosswalked to the general population assuming the prevalence is lower than that of the general 

population. Data on pregnant populations were also crosswalked, without a priori knowledge of direction. 

Crosswalks were performed at the regional level to allow for variation in the quantitative relationship. A 

single country covariate, age-standardised HIV prevalence, was used to guide estimates in geographies 

with sparse data in recognition of the strong relationship between HSV-2 and HIV transmission.  

Many with initial genital herpes infection have a painful rash that, while not as severe as that 

accompanying zoster reactivation, is more severe than that associated with recurrent genital herpes 

episodes. A systematic literature review revealed a few studies that informed our estimation that 0.175 

(0.10に0.25) of initial herpes cases have symptoms of moderate, acute infectious disease lasting 3 (2に4) 

weeks and 0.189 have prevalent persons have 6 (5に7) recurrent episodes per year each lasting 2 (1に3) 

weeks.5に7 

Genital herpes 

Study-level covariate Parameter Geography 

level 

beta Exponentiated 

beta 

Sex prevalence Global -0.49 ( -0.58 to -0.4) 0.61 (0.56に0.67) 

Study population blood 

donors Prevalence 

 

Region 

-0.37 ( -0.61 to -0.14) 0.69 (0.54に0.87) 

Study population 

pregnant Prevalence 

 

Region 
-0.099 ( -0.24 to 0.047) 0.91 (0.79に1.05) 

 

Country-level covariate Parameter beta Exponentiated beta 

HIV age-standardised 

prevalence Prevalence 

0.88 (0.56に1.00) 2.41 (1.75に2.71) 

 

Early syphilis 
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Prevalence data from literature and ANC clinic reports were the primary inputs. Similar to other STIs, 

incidence data from case notification systems and surveillance were excluded due to difficulty reconciling 

prevalence data and the low incidence data reported by surveillance sources. In order to discourage 

DisMod from calculating implausible sex differences in regions with sparse male data, stub male data 

were created in Argentina and the Solomon Islands by copying female data in those locations. The age 

range was restricted to be from 10 to 64 years. Excess mortality was assumed to be 0. Remission values 

for each location and year were calculated as described above. Blood donor samples consistently had 

prevalence values that were lower than that of the general population, and were crosswalked 

accordingly. Data from studies using only treponemal tests, or only non-treponemal tests, were 

additionally crosswalked to the reference definition of both treponemal and non-treponemal testing. HIV 

age-standardised prevalence was applied as a country-level covariate on prevalence.  

Our review of literature on proportion of early syphilis cases with symptoms led to assignment of a 0.043 

(0.014に0.073) of prevalent cases to manifest primary and secondary symptoms. The remainder were 

considered asymptomatic. 

Early syphilis infection 

Study-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Study population blood 

donors prevalence 

Country -0.41 ( -0.41 to -0.41) 0.66 (0.66に0.66) 

Non-treponemal only 

diagnosis prevalence 

Country 0.83 (0.83に0.83) 2.29 (2.29に2.29) 

Treponemal only 

diagnosis prevalence 

Country 

0.68 (0.53に0.82) 1.97 (1.70に2.28) 

 

Country-level covariate Parameter beta Exponentiated beta 

HIV age-standardised 

prevalence prevalence 

0.021 (0.00033に0.093) 1.02 (1.00に1.10) 

 

Adult tertiary syphilis 

Prevalence data were the primary input. Incidence was assumed to not occur until age 15. Excess 

mortality rate was capped at 0.1, which equates to minimum duration of five years, and no remission was 

assumed. Cause-specific mortality rate (CSMR) results from GBD 2017 mortality and causes of death 

analysis were included in the model, which was also used to back-calculate excess mortality rate (EMR) 

data to match each input prevalence datum.12 CSMR priors were not passed on through the cascade so as 

to restrict the utility of these data to back-calculating prevalence at the country level. The reference 

source was hospital data, which were adjusted for the likelihood of tertiary syphilis to appear as an 

inpatient or outpatient case. A study-level covariate on MarketScan 2000 data was used to crosswalk 

older data to the reference source of more recent hospital data. Natural log of lag-distributed income 

(LN-LDI) was used as a country-level covariate on EMR.  

There are eight sequelae, including asymptomatic adult tertiary syphilis.  
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Adult tertiary syphilis 

Study-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Sex prevalence Global 0.51 (0.48に0.55) 1.67 (1.61に1.73) 

All MarketScan, year 

2000 prevalence 

Global 0.16 (0.10に0.23) 1.18 (1.11に1.26) 

 

Country-level covariate Parameter beta Exponentiated beta 

LDI (I$ per capita) 

excess 

mortality rate 

-0.19 ( -0.22 to -0.16) 0.83 (0.80に0.85) 

 

Other sexually transmitted infections 

To calculate YLDs due to acute infection with other STI, we calculated the YLD to YLL ratio for all STI 

(excluding other STI) and then applied that same ratio to other STI YLLs. YLDs were also estimated to 

other STI as a result of the proportion of PID and PID-induced infertility that was not due to gonorrhoea 

or chlamydia.  

Uncertainty and model selection 

For all STI estimates, uncertainty bounds include uncertainty due to input data, including CSMR from GBD 

2017 mortality and causes of death analysis, crosswalks from non-reference definitions, uncertainty in 

numerical solutions (posteriors) of each DisMod-MR 2.1 model, and proportion of all infections with each 

type of symptom.  

In consultation with GBD researchers and collaborators, final models were selected on a combination of 

qualitative and quantitative goodness of fit to input data, plausibility of geographic and temporal trends, 

consistency of age pattern, and, when available, comparison with other published studies on STI 

epidemiology. Directionality, magnitude, and plausibility of study-level and country-level covariates were 

also considered in the process of model development. Of note, due to the nature of statistical modelling, 

final results do not always cover the values reported in input data. 
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Tuberculosis 
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Tuberculosis 

Case Definition  

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis. The case definition 

includes all forms of TB, including pulmonary TB and extrapulmonary TB, which are bacteriologically 

confirmed or clinically diagnosed. For TB, the ICD 10 codes are A10-A19.9, B90-B90.9, K67.3, K93.0, 

M49.0, P37.0, and ICD 9 codes are 010-019.9, 137-137.9, 138.0, 138.9, 139.9, 320.4, 730.4-730.6. For 

HIV-TB, the ICD 10 code is B20.0. 

Latent TB infection is defined as an infection with Mycobacterium tuberculosis, without any symptoms or 

signs of active TB disease. 

We separately estimated the incidence and prevalence of multidrug-resistant tuberculosis and 

extensively drug-resistant tuberculosis by HIV status. The case definitions are shown below. 

(1) Multidrug-resistant TB without extensive drug resistance: a form of TB (among HIV-negative 

individuals) that is resistant to the two most effective first-line anti-tuberculosis drugs (isoniazid and 

rifampicin), but is not resistant to any fluoroquinolone and any second-line injectable drugs (amikacin, 

kanamycin, or capreomycin). 

(2) Extensively drug-resistant TB: a form of TB (among HIV-negative individuals) that is resistant to 

isoniazid and rifampicin, plus any fluoroquinolone and any second-line injectable drugs. 

(3) Drug-susceptible TB: TB (among HIV-negative individuals) that is susceptible to isoniazid and 

rifampicin. 

(4) HIV/AIDS - Multidrug-resistant TB without extensive drug resistance: a form of TB (among HIV-

positive individuals) that is resistant to the two most effective first-line anti-tuberculosis drugs (isoniazid 

and rifampicin), but is not resistant to any fluoroquinolone and any second-line injectable drugs 

(amikacin, kanamycin, or capreomycin). 

(5) HIV/AIDS - Extensively drug-resistant TB: a form of TB (among HIV-positive individuals) that is 

resistant to isoniazid and rifampicin, plus any fluoroquinolone and any second-line injectable drugs. 

(6) HIV/AIDS - Drug-susceptible TB: TB (among HIV-positive individuals) that is susceptible to 

isoniazid and rifampicin. 

 

Input data 

Model inputs 

Input data for TB include annual case notifications, data from prevalence surveys, and estimated cause-

specific mortality rates (CSMR) of TB among HIV-positive and HIV-negative individuals. From these inputs, 

we calculated さpriorsざ (expected values) on excess mortality to give more guidance to the model. Input 

data for latent TB infection (LTBI) include: (1) population-based tuberculin surveys, and (2) cohort studies 

examining the risk of developing active TB disease as a function of induration size. An updated systematic 

review was done for GBD 2017. The search terms, number of studies identified, and number of studies 

included are shown in the table below.  
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Outcome Search Terms Total 

number of 

studies 

identified  

Number 

of studies 

included 

Tuberculosis Pubmed: ("tuberculosis"[MeSH] OR 

tuberculosis[Title/Abstract]) OR TB[Title/Abstract] OR 

Mycobacterium tuberculosis[Title/Abstract] AND 

prevalence[Title/Abstract] AND ("2016/08/01"[PDAT] : 

"2017/09/15[PDAT]) NOT (animals[MESH] NOT 

humans[MESH]) 

732 29 

LTBI (tuberculin 

surveys) 

Pubmed: ("tuberculin survey"[tiab] OR (("risk"[MeSH 

Terms] OR "risk"[tiab] OR "risk of"[tiab]) AND 

("tuberculosis"[MeSH Terms] OR "tuberculosis"[tiab] OR 

"tuberculous"[tiab]) AND ("infection"[MeSH Terms] OR 

"infection"[tiab])) OR (("risk"[MeSH Terms] OR "risk"[tiab] 

OR "risk of"[tiab]) AND TB[tiab] AND ("infection"[MeSH 

Terms] OR "infection"[tiab])) OR "latent tuberculosis 

infection"[tiab] OR "latent TB infection"[tiab] OR "latent 

tuberculosis"[MESH]) AND ("survey"[tiab] OR 

"surveys"[tiab]) NOT (animals[MESH] NOT humans[MESH]) 

("2016/08/01"[PDAT] : "2017/09/07"[PDAT]) 

 

Google Scholar: ("tuberculin survey" OR "risk of 

tuberculous infection" OR "risk of tuberculosis infection" 

OR "risk of TB infection" OR "latent tuberculosis infection" 

OR "latent TB infection") AND "survey". (01-01-2016 to 09-

08-2017). 

54; 

1326 

3; 

5 

LTBI (cohort 

studies) 

Pubmed: ("tuberculin"[tiab] OR ("tuberculin"[tiab] AND 

"positive"[tiab]) OR "Mantoux"[tiab] OR ("Mantoux"[tiab] 

AND "positive"[tiab]) OR "induration"[tiab]) AND 

(active[tiab] AND ("tuberculosis"[MeSH] OR 

"tuberculosis"[tiab])) AND ("risk"[MeSH] OR "risk"[tiab]) 

AND ("prospective"[tiab] OR "follow up"[tiab] OR 

"longitudinal"[tiab]) NOT (animals[MESH] NOT 

humans[MESH]) ("2016/08/01"[PDAT] : 

"2017/09/21"[PDAT]) 

20 0 

 

Input data for multidrug-resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) include: (i) the 

number of MDR-TB cases, XDR-TB cases, new and retreated TB cases with a drug sensitivity testing (DST) 

result for isoniazid and rifampicin, and MDR-TB cases with DST for second-line drugs from routine 

surveillance and surveys reported to the World Health Organization, and (ii) the risk of MDR-TB 

associated with HIV infection from the literature.1   
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Modelling Strategy 

 

Overview  

Our TB modelling strategy has not changed substantially from GBD 2016, but we made a refinement in 

the MI ratio regression approach: we used the Healthcare Access and Quality (HAQ) index instead of 

using SDI in the MI ratio regression (as HAQ is a better health-related index than SDI for TB). First, we 

estimated risk-weighted prevalence of LTBI by location, year, age, and sex using data from population-

based tuberculin surveys and cohort studies reporting the risk of developing active TB disease as a 

function of induration size. Next, we divided the inputs on prevalence (from surveys in low- and middle-

income countries), incidence (notification data from countries with a four- or five-star rating, and 

estimated incidence for countries with a less than four-star rating), and cause-specific mortality rate 

(CSMR) by the risk-weighted LTBI prevalence in order to model TB among those at risk in each country. 

We first ran a mixed effects regression (with region random effects) using MI ratios (logit transformed) 

from locations with a 4- or 5-star rating on causes of death with HAQ index as a covariate anchoring the 

lower end of the HAQ index scale with a data point from the Bangalore study2 reporting that 49.2% of 126 

untreated new pulmonary TB cases were dead at the end of the five-year follow up period, to predict age-

sex specific MI ratios for all locations and years. We then estimated age-sex-specific incidence using the 

predicted MI ratios and CSMR estimates. We used DisMod-MR 2.1, the GBD Bayesian meta-regression 

tool to generate consistent trends in all parameters. We then multiplied the DisMod-MR 2.1 outputs by 

the risk-weighted prevalence of LTBI to get population-level estimates of incidence and prevalence. 

Because the outputs from DisMod-MR 2.1 are for all forms of TB, we split them into MDR-TB and XDR-TB 

by HIV status. To do so, we estimated the proportions of TB cases with MDR-TB for all locations and years, 

using data from notifications and survey data. We then estimated the proportions of MDR-TB among HIV-

negative individuals and MDR-TB among HIV-positive individuals based on the risk of MDR-TB associated 

with HIV infection from a meta-analysis1. To split MDR-TB into MDR-TB with and without extensive drug 

resistance, we pooled the limited notification and survey data on the proportion of MDR-TB cases with 

extensive drug resistance by super-region, and applied these proportions to MDR-TB cases among HIV-

negative and HIV-positive individuals, respectively. 

 

Modelling risk-weighted latent TB infection prevalence 

Input data for modelling risk-weighted LTBI prevalence were from two sources: (i) population-based 

tuberculin skin test (TST) surveys, and (ii) cohort studies examining the risk of developing active TB 

disease as a function of induration size. First, we extracted the prevalence of tuberculin skin testing 

results by induration size using the most detailed induration categories reported by studies. Second, from 

cohort studies reporting on the relative risk of developing active TB disease as a function of induration 

size, we pooled the risk of developing active TB by induration size in millimeters using the DisMod Ode 

computational engine. Third, we multiplied the LTBI prevalence by induration in millimeters ranging from 

0-20+ with the relative risk of developing active TB at each induration size, and summed them up to 

derive risk-weighted LTBI prevalence for each age group.  

Available evidence3 suggests that people with very advanced HIV infection (CD4 counts <200 cells/mm3) 

may have a false-negative TST (0mm induration) due to profound immune suppression, but still have very 

high risk for TB. For those who are HIV-positive, but with higher CD4 counts, the risk for active TB 
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increases with greater induration size as in HIV-negative individuals (ie, the shape of the tuberculin 

response curve is similar to that for the general population). To take into account the false-negative TST 

response in HIV cases with profound immune suppression, we first computed the proportion of HIV-

positive individuals with CD4 counts <200 cells/mm  for the 0 mm induration group using our HIV 

prevalence estimates for that particular category. We then multiplied that proportion by the relative risk 

of developing active TB disease in the 0  mm induration group compared with the 20+ mm induration 

group among HIV-positive individuals. The relative risk was computed using data from a prospective, 

multicenter cohort study of HIV-positive people in the United States.3  

Using the risk-weighted LTBI prevalence (adjusting for a false-negative TST among people with advanced 

HIV infection) as input data, we ran a DisMod-MR 2.1 model with the HAQ index covariate to help inform 

variation over year and geography, with priors that at higher HAQ index values, LTBI prevalence 

decreases. We included two study covariates (BCG-positive, and mixed BCG status) where the reference 

category is BCG-negative. We found no statistically significant difference between studies using different 

dosages of tuberculin purified protein derivative (PPD). We therefore did not include different PPD 

dosages as study covariates but added more uncertainty to data points from studies that used dosages 

larger or smaller than the standard dose of 5 tuberculin units per test dose of 0.1 ml, by entering them as 

z-covariates in DisMod. 

 

Modelling TB incidence  

Incidence inputs were from two different sources: (1) incidence from notification data for countries with 

a four- or five-star rating on their cause of death data4 as a proxy for the quality of health-related 

administrative data systems, and (2) estimated incidence for countries with a less than four-star rating. 

We used the age- and sex-specific notifications (all new and relapse cases combined) in our analysis. Prior 

to 2013, notification data were available by case type (new pulmonary smear-positive, new pulmonary 

smear-negative, and new extra-pulmonary) and there were missing age data, especially for younger age 

groups in some countries. We imputed the missing age groups for the three forms of TB notifications. 

Smear-positive age-specific notifications were inflated with the proportion smear-unknown and relapsed 

cases only reported at the country-year level. Some countries reported only pulmonary smear-positive 

cases for selected years. Missing smear-negative and extrapulmonary cases were predicted from the 

adjusted smear-positive cases using a seemingly unrelated regression. All three types of notifications 

were added together to represent TB-all-form incidence for countries with a four- or five-star rating.  

To generate incidence estimates for locations with a less than four-star rating, we ran a mixed effects 

regression (with region random effects), using MI ratios (logit transformed) from locations with a 4- or 5-

star rating on causes of death as input data with HAQ index as a covariate anchoring the lower end of the 

HAQ index scale with a data point from a cohort study in the 1960s2 reporting that 49.2% of 126 

untreated new pulmonary TB cases were dead at the end of the five-year follow-up period, in order to 

predict age-sex-specific MI ratios for all locations and years. We then used the MI ratios and cause-

specific mortality estimates to compute the incidence input for DisMod-MR 2.1 for locations with a less 

than four-star rating. In locations where estimated MI ratios were greater than notification-based MI 

ratios, we used the latter to compute the incidence input. Notification-based MI ratios were computed 

using notification data and estimated CSMR for 2010. For other years, we assumed a similar proportional 

difference between predicted MI ratios and notifications-based MI ratios as in 2010 and adjusted the 
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predicted MI ratios accordingly, which were then used to compute the incidence input. We computed the 

age-sex-specific incidence of TB among the latent TB-infected population, using TB incidence as the 

numerator and our estimated risk-weighted latent TB infection prevalence as the denominator.  

 

Modelling TB prevalence  

Data from prevalence surveys reporting on pulmonary smear-positive TB and bacteriologically positive TB 

were included. Because incidence data are for all forms of TB, we adjusted prevalence surveys to account 

for extrapulmonary cases. We ran a spatiotemporal Gaussian process regression to predict location-year-

age-sex-specific proportions of extrapulmonary TB among all TB cases using data on the three forms of TB 

from the incidence data above. We then computed the extrapulmonary inflation factor as 1+( proportion 

of extrapulmonary TB /(1- proportion of extrapulmonary TB)), and applied it to data from prevalence 

surveys. We then computed the prevalence of TB among the TB-infected population, using TB prevalence 

as the numerator and our estimated risk-weighted LTBI prevalence as the denominator. We included a 

study covariate indicating whether it was bacteriologically positive TB (reference category) or smear-

positive TB. We found no systematic bias between studies that used both symptoms and chest X-ray as 

screening methods and studies that used only one of the methods. We therefore did not adjust them for 

systematic bias but added more uncertainty to data points from studies that used only one of the 

screening methods (by using it as a z-covariate in DisMod). We also added more uncertainty to data 

points from subnational surveys. We included two location-level covariates, namely, age-standardised 

adult underweight prevalence and log-transformed age-standardised Summary Exposure Variable (SEV) 

scalar for TB (a summary variable of the exposure levels of TB risk factors weighted by relative risk) to 

help inform variation of TB prevalence over year and geography. 

 

Modelling TB excess mortality  

We matched each prevalence data point and TB CSMR (TB and HIV-TB combined) by location, year, age, 

and sex to calculate excess mortality rate (EMR) as EMR=CSMR/prevalence. We also matched each 

incidence data point and TB CSMR by location, year, age, and sex to calculate EMR for countries with a 

four- or five-star rating on their cause of death data. To reflect a gradient in EMR, we added the HAQ 

index and adult HIV death rates as country-level covariates. 

 

DisMod-MR 2.1 

For each location, we included the following as input in the DisMod model: case notifications for locations 

with a four- or five-star rating, predicted MI-ratio-based incidence for locations with a less than four-star 

rating, prevalence survey data where available, excess mortality estimates, and CSMR (TB and HIV-TB 

combined) by age and sex.  

The output from the DisMod model was for all forms of TB in TB-infected populations, including both HIV-

negative and HIV-positive individuals. We computed the incidence and prevalence of TB among the entire 

population, by multiplying the prevalence of LTBI with the DisMod model estimates. 
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Betas and exponentiated values from the DisMod model are shown in the table below. 

Covariate Parameter Beta (95% CI) Exponentiated beta (95% 

CI) 

Smear positive TB Prevalence -0.75  0.47 (0.47に0.47) 

Sex (male) Prevalence 0.17 1.18 (1.10に1.27) 

Sex (male) Incidence 0.32 1.38 (1.38に1.38) 

Age-standardised 

proportion adult 

underweight 

Prevalence 2.65 14.16 (8.81に19.47) 

Age-standardised SEV 

scalar (log-

transformed) 

Prevalence 0.76  2.13 (2.12に2.17) 

HAQI (log-

transformed) 

Excess mortality -1.50 0.22 (0.21に0.23) 

Adult HIV death rate Excess mortality 0.64 1.89 (1.03に6.23) 

 

HIV-TB incidence and prevalence  

To distinguish HIV-TB from all forms of TB, we first estimated the proportions of HIV-TB cases among all 

TB cases using data on the number of TB cases recorded as HIV-positive and the number of TB cases with 

an HIV test result recorded in the WHO TB notifications register. We ran a mixed effects regression using 

the adult HIV death rate as a covariate to predict location-year-specific HIV-TB proportions, which were 

then applied to TB incident and prevalent cases from DisMod, to generate HIV-TB incident and prevalent 

cases by location and year. These cases were then age-sex split based on the age-sex pattern of estimated 

HIV prevalence by location-year to generate location-year-age-sex-specific HIV-TB incident and prevalent 

cases.  

 

Multidrug-resistant TB, extensively drug-resistant TB, and drug-susceptible TB  

We ran spatiotemporal Gaussian process regressions to predict the proportions of new TB cases with 

MDR-TB, proportions of retreated TB cases with MDR-TB, and proportions of retreated cases among all 

TB cases for all locations and years. We calculated the proportions of new TB cases among all TB cases as 

1- estimated proportions of retreated cases. Next, we computed the weighted average of the proportions 

of new and retreated cases with MDR-TB at the 1000 draw level. We then used the weighted average 

proportions of MDR-TB, along with the HIV-TB and TB no-HIV incidence estimates, and the relative risk of 

MDR-TB associated with HIV infection from the literature1 to compute the proportions of MDR-TB cases 

among HIV-negative TB cases 盤鶏券剣茎荊撃頂┸槻┸銚┸鎚匪 by location, year, age, and sex using the following formula: 

 鶏券剣茎荊撃頂┸槻┸銚┸鎚 噺 警経迎頂┸槻峭な 髪 磐迎迎 茎荊撃劇稽頂┸槻┸銚┸鎚劇稽券剣茎荊撃頂┸槻┸銚┸鎚卑嶌 劇稽券剣茎荊撃頂┸槻┸銚┸鎚 

 

where 警経迎頂┸槻 is the number of all MDR-TB cases among HIV-positive and HIV-negative individuals by 

location and year, RR is the relative risk of MDR-TB associated with HIV infection, 茎荊撃劇稽頂┸槻┸銚┸鎚 is the 
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number of HIV-TB incident cases by location, year, age, and sex, and 劇稽券剣茎荊撃頂┸槻┸銚┸鎚 is the number of TB 

no-HIV incident cases by location, year, age, and sex. 

 

We then applied the predicted proportions of MDR-TB cases among HIV-negative TB cases to our 

predicted HIV-negative TB incident and prevalent cases to generate MDR-TB incident and prevalent cases 

by location, year, age, and sex. Next, we subtracted MDR-TB cases from all HIV-negative TB cases to 

generate drug-susceptible TB cases by location, year, age, and sex. To distinguish XDR-TB from MDR-TB, 

we aggregated the XDR-TB cases and MDR-TB cases (with drug sensitivity testing for second-line drugs) 

up to the super-region level and calculated the super-region-level proportions of XDR-TB among MDR-TB 

cases, which were then applied to MDR-TB cases in corresponding countries within the super-regions to 

produce XDR-TB cases by location, year, age, and sex. We linearly extrapolated XDR-TB prevalence and 

incidence back assuming the rates were zero in 1992, one year before 1993 when XDR-TB was first 

recorded in USA surveillance data.5 Finally, we subtracted XDR-TB cases from MDR-TB cases to generate 

MDR-TB (without XDR) cases by location, year, age, and sex.   

 

HIV/AIDS - Multidrug-resistant TB, HIV/AIDS - extensively drug-resistant , and HIV/AIDS - drug-

susceptibl TB  

To split HIV-TB into HIV-MDR-TB and HIV-drug-susceptible-TB, we first calculated the proportions of HIV-

MDR-TB among all HIV-TB cases (鶏茎荊撃頂┸槻┸銚┸鎚) for each location, year, age, and sex using the following 

formula: 

 鶏茎荊撃頂┸槻┸銚┸鎚 噺 鶏券剣茎荊撃頂┸槻┸銚┸鎚迎迎 

 

where 鶏券剣茎荊撃頂┸槻┸銚┸鎚 is the proportions of MDR-TB among all HIV-negative TB cases for each location, 

year, age, and sex and 迎迎 is the relative risk of MDR-TB associated with HIV infection. We then applied 

the predicted proportions of MDR-TB cases among HIV-TB cases to our estimated HIV-TB incident and 

prevalent cases to generate HIV-MDR-TB incident and prevalent cases by location, year, age, and sex. 

Next, we subtracted HIV-MDR-TB cases from all HIV-TB cases to generate HIV-drug-susceptible-TB cases 

by location, year, age, and sex. To separate out HIV-XDR-TB from HIV-MDR-TB, we applied the super-

region level proportions of XDR-TB among MDR-TB cases, to HIV-MDR-TB cases in corresponding 

countries within the super-regions to produce HIV-XDR-TB cases by location, year, age, and sex. We 

linearly extrapolated HIV-XDR-TB prevalence and incidence back assuming the rates were zero in 1992, 

one year before 1993 when XDR-TB was first recorded in USA surveillance data.5 Finally, we subtracted 

HIV-XDR-TB cases from HIV-MDR-TB cases to generate HIV-MDR-TB (without extensive drug resistance) 

cases by location, year, age, and sex.   

 

New MDR-  and XDR-TB cases among treated cases by HIV status 

Because we split TB incidence (new and relapse cases combined) by drug-resistance type, the above 

estimation did not capture new MDR-TB and XDR-TB cases arising from retreated TB cases other than 

relapse cases. We therefore separately estimated new MDR-TB and XDR-TB cases arising from retreated 

TB cases and added them to the incident cases estimated above. To do so, we first ran a spatiotemporal 

Gaussian process regression using notification data and HAQ index as a covariate to predict the 

proportion of retreated cases (excluding relapse cases) among all TB patients for all locations and years. 
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Next, we computed retreated cases as (retreated proportion*estimated incident cases)/(1-retreated 

proportion). We then computed the total number of TB cases by summing estimated incident cases and 

retreated cases. Similar to our estimation for MDR-TB and XDR-TB among TB incident cases by HIV status, 

we estimated MDR-TB and XDR-TB cases among all TB cases (incident cases and retreated cases 

combined) by HIV status. Finally, the number of retreated cases with MDR-TB was computed by 

subtracting MDR-TB among TB incident cases from MDR-TB among all TB cases (incident cases and 

retreated cases combined), separately for HIV-positive and HIV-negative individuals. Similarly, the 

number of retreated cases with XDR-TB was computed by subtracting XDR-TB among TB incident cases 

from XDR-TB among all TB cases, separately for HIV-positive and HIV-negative individuals. All 

computations were done at the 1000-draw level. 

 

sability weights 

The lay descriptions and disability weights for severity levels derived from the GBD disability weights 

study are shown below. 

Health state name Lay description Disability Weights 

(95% CI) 

Tuberculosis, not 

HIV infected 

has a persistent cough and fever, is short of breath, 

feels weak, and has lost a lot of weight 

0.333 (0.224に0.454) 

Tuberculosis, HIV 

infected 

has a persistent cough and fever, shortness of 

breath, night sweats, weakness and fatigue and 

severe weight loss 

0.408 (0.274に0.549) 

 

For drug-susceptible TB, MDR-TB without extensive drug resistance, and XDR-TB, we used the same 

disability weight [0.333 (0.224に0.454)] as in non-HIV-infected TB. For HIV-drug-susceptible-TB, HIV-MDR-

TB without extensive drug resistance, and HIV-XDR-TB, we used the same disability weight [0.408 (0.274に
0.549))] as in HIV-infected TB. 

 

Source Counts 

 

Allforms tuberculosis Incidence Prevalence 

Site-years (total) 1,751 166 

Number of countries with data 76 28 

Number of GBD regions with data (out of 21 regions) 15 10 

Number of GBD super-regions with data (out of 7 super-regions) 5 7 
 

Latent tuberculosis Prevalence 

Site-years (total) 228 

Number of countries with data 48 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Proportion of HIV-TB among all TB cases Other 

Site-years (total) 1,533 

Number of countries with data 167 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-regions) 7 
 

MDR-TB and MDR-HIV-TB proportions Proportion 

Site-years (total) 853 

Number of countries with data 139 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-regions) 7 
 

XDR-TB and XDR-HIV-TB proportions Other 

Site-years (total) 85 

Number of countries with data 84 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 
 

Risk of MDR-TB associated with HIV infection Other 

Site-years (total) 1 

Number of countries with data 0 

Number of GBD regions with data (out of 21 regions) 0 

Number of GBD super-regions with data (out of 7 super-regions) 0 
 

Latent tuberculosis relative risk Other 

Site-years (total) 27 

Number of countries with data 21 

Number of GBD regions with data (out of 21 regions) 11 

Number of GBD super-regions with data (out of 7 super-regions) 6 
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Lower respiratory infections (LRI)  
 

Flowchart 

 

Case definition 

We used clinician-diagnosed pneumonia or bronchiolitis as our case definition for lower respiratory 

infections (LRI). We included ICD9 codes 073.0-073.6, 079.82, 466-469, 480-489, 513.0, and 770.0 and 

ICD10 codes A48.1, J09-J22, J85.1, P23-P23.9, and U04. LRI aetiologies are modelled separately from 

overall LRI incidence and prevalence. The aetiologies include influenza, respiratory syncytial virus, 

Streptococcus pneumoniae, and Haemophilus influenzae type b and are episodes of LRI where the 

aetiology is the causal pathogen in the infection.  

Input data 

Model inputs 

Input data included all data used in GBD 2016. We used two primary types of input data for lower 

respiratory infections. The first is lower respiratory infection incidence and prevalence data. These data 

come from a systematic literature review, hospital inpatient and outpatient data, claims data from the 

US, and population-representative surveys (Table 1). The second type of data is on the aetiologies of LRI. 

Influenza and respiratory syncytial virus (RSV) population attributable fractions were informed by a 

systematic literature review of the proportion of LRI cases that are positive for each pathogen. 

Haemophilus influenzae type B (Hib) and Streptococcus pneumoniae (pneumococcal pneumonia) are 

informed by a systematic review of vaccine efficacy and effectiveness studies.  
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To estimate the non-fatal burden of lower respiratory infections (LRI), we conducted a systematic review 

of scientific literature for LRI incidence and prevalence (Search String: ('lower respiratory' [title/abstract] 

OR pneumonia[title/abstract] AND ('2016/01/01'[PDat] : '2017/5/31'[PDat] )AND Humans[MeSH Terms] 

NOT(autoimmune[title/abstract] OR COPD [title/abstract] OR 'cystic fibrosis'[title/abstract]). Our inclusion 

criteria were studies that were published between January 2016 and May 2017, had a sample size of at 

least 100, were at least one year in duration, and included lower respiratory infections, pneumonia, or 

bronchiolitis in the case definition. During our literature review we identified 595 studies, of which 75 

met our inclusion criteria and were extracted. We excluded studies that described pandemic H1N1 

influenza solely and studies that used influenza-like illness as the case definition. We assigned an age 

range based on the prevalence-weighted mean age of LRI in the appropriate year/sex/location if the ages 

of the study participants were not reported. 

We also used self-reported prevalence of LRI symptoms from population-representative surveys, such as 

the Demographic and Health Survey and the Multiple Indicator Cluster Survey. When possible, we 

extracted survey data by one-year age group and by sex. We converted these data from two-week period 

prevalence to point prevalence. The equation for this adjustment is 

1) 鶏剣件券建 鶏堅結懸欠健結券潔結 噺 牒勅追沈墜鳥 牒追勅塚銚鎮勅津頂勅 茅 帖通追銚痛沈墜津岫眺勅頂銚鎮鎮 牒勅追沈墜鳥袋帖通追銚痛沈墜津貸怠岻  

 

We accepted four survey definitions for the prevalence of symptoms of LRI: 1) Cough with difficulty 

breathing with the symptoms in the chest with a fever was our gold standard but we also accepted 2) 

Cough with difficulty breathing with the symptoms in the chest without fever, 3) Cough with difficulty 

breathing with fever, and 4) Cough with difficulty breathing without fever. To make these definitions 

comparable, we identified the surveys that met the best case definition (definition 1). Within these 

surveys, we calculated the ratio of the prevalence of the best case definition to the prevalence of the 

alternate definitions. This ratio was regressed using age in years (factor), year of the survey, and GBD 

region (random intercept). The predicted values were used to adjust the prevalence for all the surveys 

that reported alternate case definitions.  

Survey data were adjusted for seasonality. An inclusion criterion for scientific literature is a study duration 

longer than one year to avoid bias in the seasonal timing of LRI. Surveys are frequently conducted over 

several months. To account for seasonal variation in LRI symptom prevalence, we fit a generalised 

additive model with a forced periodicity for each GBD region. The model is mixed-effects with random 

effects on each country. The model accounts for the year of the survey and the case definition used. The 

percent difference between the monthly model fit LRI prevalence and the mean fitted LRI prevalence is a 

scalar to adjust survey data by month and geography. 

In addition to survey data, hospital inpatient, outpatient data, and US claims data were included in the LRI 

modelling. To make the data more consistent in the modelling process, we converted all incidence data to 

prevalence. We found the ratio of the prevalence of LRI in hospitalisation records to the prevalence of LRI 

in our case definition (clinician-diagnosed pneumonia or bronchiolitis) for locations that contained data 

on both these prevalence values. We then regressed this ratio using age in years (factor) and GBD region 

(random intercept) to predict the adjustment factor for hospitalisation data to make them compatible 

with the reference case definition for our modelling.  
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Table 1: Data Inputs for LRI morbidity modelling by parameter  
Prevalence 

Site-years (total) 3,114 

Number of countries with data 159 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-

regions) 

7 

 

Figure 1. The number of geography-years of data used in the LRI non-fatal modelling by GBD geography is 

shown

 

 

We performed a systematic review of the duration of symptoms of LRI. We sought consistency with our 

case definition of LRI and defined our duration as the time between the onset of symptoms to the 

resolution of increased work of breathing. Although crucial, there were very limited data on spatial, 

temporal, or age-specific duration, which may vary based on severity, aetiology, and treatment. We 

identified 485 titles from PubMed and extracted six studies which were used in a meta-analysis (mean 

duration 7.79 days, 6.2に9.64 days). 

We also conducted a systematic literature review of studies on the Hib vaccine and PCV effectiveness 

studies against X-ray-confirmed pneumonia and against pneumococcal and Hib disease until May 2017. 

For PCV studies, we extracted, if available, the distribution of pneumococcal pneumonia serotypes and 

the serotypes included in the PCV used in the study. No new studies were identified for GBD 2017. We 

excluded observational and case-control studies due to implausibly high vaccine efficacy estimates. Hib 

trial data were exclusively from children <5 years so we did not include the effect of Hib on ages over 5 
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years of age. PCV trial data are also frequently limited to younger populations. To understand the 

contribution of pneumococcal pneumonia in older populations, we also included PCV efficacy studies that 

used before-after approaches. 

 

Severity splits 

The distribution of moderate (85%) and severe (15%) lower respiratory infections is determined by a 

meta-analysis of the ratio of severe to all LRI from studies that report the incidence of moderate and 

severe lower respiratory infections.  

We used the health states of acute infectious disease episode, moderate and severe, with the lay 

descriptions and disability weight values shown in table below: 

 

Table 2: Severity Splits 

 

Severity level Lay description DW (95% CI) 

Moderate Has a fever and aches and feels weak which causes some 

difficulty with daily activities. 

0.051 (0.032に
0.074) 

Severe Has a high fever and pain and feels very weak, which causes 

great difficulty with daily activities. 

0.133 (0.088に0.19) 

 

Modelling strategy  

The non-fatal lower respiratory infection burden is modelled in model-MR, a Bayesian meta-regression 

modelling framework. DisMod-MR produces estimates of the incidence, prevalence, and remission of LRI 

for each age, sex, geographic location, and year. We defined the time to recovery as an average of 10 

days (5-15 days), which corresponds with a remission 36.5. The models are informed by study-level 

covariates and by country-level covariates.  

Input data are adjusted to our standard case definition. Data are adjusted, as described previously, and 

Marketscan data are adjusted within DisMod to be compatible with the standard case definition (Table 3).  

Table 3. Model covariates 

Study covariate Type Parameter Exponentiated beta 

Self-reported Study-level Prevalence 3.58 (3.36に3.73) 

Marketscan Study-level Prevalence 2.39 (2.29に2.45) 

LRI SEV Country-level Prevalence 1.00 (1.00に1.01) 

Socio-demographic Index Country-level Prevalence 0.47 (0.42に0.52) 

Healthcare access and quality 

index 

Country-level Excess mortality 0.99 (0.99に0.99) 

 

 

 

tiologies 
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We estimated LRI aetiologies separately from overall LRI mortality using two distinct counterfactual 

modelling strategies to estimate population attributable fractions (PAFs), described in detail below. The 

PAF represents the relative reduction in LRI mortality if there was no exposure to a given aetiology. As 

LRIs can be caused by multiple pathogens and the pathogens may co-infect, PAFs can overlap and add up 

to more than 100%. Separate strategies were used for viral に influenza and respiratory syncytial virus 

(RSV) に and bacterial に Streptococcus pneumoniae and Haemophilus influenzae type B に aetiologies. We 

did not attribute aetiologies to neonatal pneumonia deaths due to a dearth of reliable data in this age 

group. We calculated uncertainty of our PAF estimates from 1,000 draws of each parameter using normal 

distributions in log space.  

Influenza and RSV. We calculated the population attributable fraction (PAF) from the proportion of severe 

LRI cases positive for influenza and RSV. We assumed that hospitalised LRI cases are a proxy of severe 

cases. We used the following formula to estimate PAF:2 

PAF = Proportion * (1-1/OR) 

Where Proportion is the proportion of LRI cases that test positive for influenza or RSV and OR is the odds 

ratio of LRI given the presence of the pathogen. We used an odds ratio of 5.1 (3.19に8.14) for influenza 

and 9.79 (4.98に19.27) for RSV from a published meta-analysis.3  

We modelled the proportion data using the meta-regression tool DisMod-MR to estimate the proportion 

of LRI cases that are positive for influenza and RSV, separately, by location/year/age/sex. We accounted 

for study-level covariates in our models such as PCR as the diagnostic technique, studies that investigated 

RSV or influenza exclusively, and studies from inpatient populations. 

Pneumococcal pneumonia and Hib. For Streptococcus pneumoniae (pneumococcal pneumonia) and 

Haemophilus influenzae type B (Hib), we calculated the population attributable fraction using a vaccine 

probe design.4,5 The ratio of vaccine effectiveness against nonspecific pneumonia to pathogen-specific 

disease represents the fraction of pneumonia cases attributable to each pathogen.  

To estimate the PAF for Hib and pneumococcal pneumonia, we calculated the ratio of vaccine 

effectiveness against nonspecific pneumonia to pathogen-specific pneumonia (Equations 1 and 3). We 

estimated a study-level estimate of PAF from a meta-analysis of these ratios. To estimate the PAF for Hib, 

we only used randomised controlled trials because of implausibly high values of vaccine efficacy in case-

control studies. To estimate the PAF for pneumococcal pneumonia, we included RCTs and before and 

after vaccine introduction longitudinal studies. 

We adjusted the study-level PAF estimate by vaccine coverage and expected vaccine performance to 

estimate country- and year-specific PAF values. For pneumococcal pneumonia, we adjusted the PAF by 

the final Hib PAF estimate and by vaccine serotype coverage. Finally, we used an age distribution of PAF 

modelled in DisMod to determine the PAF by age. Because of an absence of data describing vaccine 

efficacy against Hib in children older than two years, we did not attribute Hib to episodes of LRI in ages 

five years and older. 

We used a vaccine probe design to estimate the PAF for pneumococcal pneumonia and (Hib) by first 

calculating the ratio of vaccine effectiveness against nonspecific pneumonia to pathogen-specific 

pneumonia at the study level (Equations 1 and 2).4に6 We then adjusted this estimate by vaccine coverage 

and expected vaccine performance to estimate country- and year-specific PAF values (Equations 3 and 4). 
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1) 茎件決鶏畦繋喋銚鎚勅 噺 蝶帳鍋韮賑祢尿任韮日尼蝶帳那日弐 
 

 

2) 鶏券結憲兼剣鶏畦繋喋銚鎚勅 噺  
蝶帳鍋韮賑祢尿任韮日尼 茅岫怠貸牒凋庁那日弐茅蝶帳那日弐 捺妊禰日尿尼如岻蝶帳縄禰認賑妊禰任迩任迩迩祢濡茅寵墜塚縄賑認任禰熱妊賑  

 

 

3) 鶏畦繋張沈長 噺  鶏畦繋喋銚鎚勅 茅 盤怠貸寵墜塚那日弐茅蝶帳那日弐 捺妊禰日尿尼如匪岫怠貸牒凋庁遁尼濡賑茅寵墜塚那日弐茅蝶帳那日弐 捺妊禰日尿尼如岻 
 

4) 鶏畦繋牒津勅通陳墜 噺 牒凋庁遁尼濡賑茅盤怠貸寵墜塚鍋頓楠茅蝶帳鍋頓楠 捺妊禰日尿尼如匪盤怠貸牒凋庁那日弐茅寵墜塚那日弐茅蝶帳那日弐 捺妊禰日尿尼如匪茅峭怠貸 鍋豚鈍遁尼濡賑頓任寧鍋頓楠茅楠曇鍋頓楠 捺妊禰日尿尼如岾迭貼鍋豚鈍那日弐茅頓任寧那日弐茅楠曇那日弐 捺妊禰日尿尼如峇嶌 

 

Where 撃継牒津勅通陳墜津沈銚 is the vaccine efficacy against nonspecific pneumonia, 撃継張沈長 is the vaccine efficacy 

against invasive Hib disease, 撃継聴痛追勅椎痛墜頂墜頂頂通鎚 is the vaccine efficacy against serotype-specific 

pneumococcal pneumonia, 系剣懸鎚勅追墜痛槻椎勅 is the serotype-specific vaccine coverage for PCV,7  撃継張沈長 潮椎痛沈陳銚鎮 
is the Hib effectiveness in the community (0.8)8,  鶏畦繋張沈長 is the final PAF for Hib, 系剣懸牒寵蝶 is the PCV 

coverage, 系剣懸張沈長 is the Hib coverage by country, and 撃継牒寵蝶 潮椎痛沈陳銚鎮 is the vaccine effectiveness in the 

community (0.8).9  

For Hib, we assumed that the vaccine efficacy against invasive Hib disease is the same against Hib 

pneumonia. For pneumococcal pneumonia, a recent study in adults10 found that the vaccine efficacy 

against invasive pneumococcal disease may be significantly higher than against pneumococcal 

pneumonia. We used this ratio to adjust estimates of vaccine efficacy against invasive pneumococcal 

disease from other studies. However, recognising that the study is unique in that it uses a urine antigen 

test among adults, we added uncertainty around our adjustment using a wide uniform distribution 

(median 0.65, 0.3に1.0).  

The major modelling change from GBD 2016 to GBD 2017 was the introduction of the survey and hospital 

data adjustment process outside of DisMod. DisMod is able to reconcile differences between a reference 

and non-reference binary covariate. However, this adjustment occurs just once globally and for all ages. 

We determined that there was significant variation in age and geography in these data adjustments and 

introduced a new mixed-effects regression to predict the ratio of the non-standard to the standard case 

definitions. 
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Case Definition 

Upper respiratory infections (URI) include acute nasopharyngitis, sinusitis, pharyngitis, tonsillitis, 

laryngitis/tracheitis and epiglottitis. For URI, ICD 10 codes are J00-J02, J02.8-J03, J03.8-J06.9, J36, J36.0, 

and ICD 9 codes are 460-465.9, 475-475.9, 476.9. 

Input data 

 Model Inputs 

For GBD 2013, a systematic review of the prevalence of URI was conducted. The PubMed search string 

was: ((upper respiratory infection[Title/Abstract] or rhinitis[Title/Abstract] or 

rhinosinusitis[Title/Abstract] or sinusitis[Title/Abstract] or nasopharyngitis[Title/Abstract] or 

rhinopharyngitis[Title/Abstract] or common cold[Title/Abstract] or pharyngitis[Title/Abstract] or 

tonsillitis[Title/Abstract] or epiglottitis[Title/Abstract] or supraglottitis[Title/Abstract] or 

laryngitis[Title/Abstract] or laryngotracheitis[Title/Abstract] or tracheitis[Title/Abstract]) AND 

(prevalence[Title/Abstract] OR incidence[Title/Abstract]) NOT (allergies or allergy or allergic rhinitis or 

;ゲデｴﾏ;ぶ AND ふさヲヰヰΓざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱンざぷD;デW に Publication]))  

For GBD 2017, another systematic review of URI was conducted. The PubMed search string was: ((upper 

respiratory infection[Title/Abstract] or rhinitis[Title/Abstract] or rhinitis[MeSH] or 

rhinosinusitis[Title/Abstract] or sinusitis[Title/Abstract]  or sinusitis[MeSH] or 

nasopharyngitis[Title/Abstract] or rhinopharyngitis[Title/Abstract] or common cold[Title/Abstract] or 

common cold[MeSH] or pharyngitis[Title/Abstract] or pharyngitis[MeSH]  or tonsillitis[Title/Abstract] or 

epiglottitis[Title/Abstract] or supraglottitis[Title/Abstract] or supraglottitis[MeSH] or 

laryngitis[Title/Abstract] or laryngitis[MeSH] or laryngotracheitis[Title/Abstract] or 

tracheitis[Title/Abstract] or tracheitis[MeSH]) AND (prevalence[Title/Abstract] OR 

incidence[Title/Abstract] OR remission[Title/Abstract] OR duration[Title/Abstract]) NOT (allergies or 

allergy or allergic rhinitis or asthma) AND (2013/09/01[PDAT] : 2017[PDAT])) 
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The exclusion criteria for both systematic reviews were: 

1. Studies that were not population-based, eg, hospital or clinic-based studies 

2. Studies that did not provide primary data on epidemiological parameters, eg, a 

commentary piece 

3. Studies with a sample size of less than 150 

4. Reviews 

 

Ultimately, no articles from the GBD 2017 systematic review were selected for incorporation into the 

URI model. However, three data sources provided by collaborators were added to the model for GBD 

2017. Given the low yield of the most recent systematic review, we will prioritise adding data from 

national surveys as opposed to journal articles in future rounds, given that we expect comprehensive, 

national surveys to be more likely to estimate the burden of URI. 

The table below shows the number of site-years of data included in GBD 2017, as well as the number of 

countries, regions, and super-regions represented. 

  Incidence Prevalence 

Site-years (total) 3 211 

Number of countries with data 1 73 

Number of GBD regions with data (out of 21 regions) 1 18 

Number of GBD super-regions with data (out of 7 super-regions) 1 7 

 

In addition, data from nationally representative surveys including United States National Health 

Interview Surveys and Demographic and Health Surveys were included.  

 Severity Splits 

The table below shows the severity distributions based on the data from Medical Expenditure Panel 

Surveys where we categorised さacute nasopharyngitis or acute uri multi sites/nosざ ;ゲ ﾏｷﾉS U‘I ;ﾐS 
さ;I┌デW ゲｷﾐ┌ゲｷデｷゲが ;I┌デW ヮｴ;ヴ┞ﾐｪｷデｷゲが ;I┌デW デﾗﾐゲｷﾉﾉｷデｷゲが ;ﾐS acute laryngitis/tracheitis ;ﾐS Wヮｷｪﾉﾗデデｷデｷゲざ ;ゲ 
moderate URI.  

Mild URI Proportion Moderate URI Proportion 

.56 (.43 - .68) .44 (.32 - .57) 

 

The lay descriptions and disability weights for severity levels derived from the GBD disability weights 

study are shown below. 

Severity level Lay description  DW (95% CI) 

Mild upper respiratory 

infections 

has a low fever and mild 

discomfort , but no 

difficulty with daily 

activities. 

 0.006 (0.002に0.012) 

Moderate/severe upper 

respiratory infections 

has a fever and aches, and 

feels weak, which causes 

 0.051 (0.032に0.074) 
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some difficulty with daily 

activities. 

 

Modelling Strategy 

URI was modeled using a standard DisMod MR 2.1 model. We used secondhand smoke as the only 

location-level covariate in the final model. We tested other location-level covariates as well, such as the 

log-transformed age-standardised URI SEV scalar, indoor air pollution (all cooking fuels), and outdoor air 

pollution (PM2.5). 

Betas and exponentiated values are shown in the table below: 

Covariate Parameter beta Exponentiated beta 

Secondhand smoke Prevalence 0.11  1.12 (0.80に1.48) 

Sex Prevalence -0.027  0.97 (0.95に0.99) 

 

84



Otitis media 
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Case Definition 

Otitis media is an infection of the middle ear space. We included acute otitis media, chronic otitis media, 

and hearing loss due to chronic otitis media in the GBD non-fatal outcome modelling. Hearing loss due 

to chronic otitis media estimation is included in the hearing loss report provided separately. The ICD 10 

codes are H65-H75.83, and ICD 9 codes are 381-384.9. 

 

Input data 

 Model Inputs 

A systematic review of the prevalence of otitis media was conducted for GBD 2013. The PubMed search 

terms were: (((otitis media[Title/Abstract] AND (incidence[Title/Abstract] OR 

ヮヴW┗;ﾉWﾐIWぷTｷデﾉWっAHゲデヴ;Iデへぶぶ AND ふさヲヰヰΓざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱンざぷD;デW に Publication])).  

The exclusion criteria were: 

1. Studies that were not population-based, eg, hospital or clinic-based studies 

2. Studies that did not provide primary data on epidemiological parameters, eg, 

commentaries 

3. Studies with a sample size of less than 150 

4. Reviews 

5. Case series 

 

Updates to systematic reviews are performed on an ongoing schedule across all GBD causes, and an 

update for otitis media will be performed in the next one to two iterations.  
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The tables below show the number of site-years of data included in GBD 2017, as well as the number of 

countries, regions, and super-regions represented. 

Acute otitis media 

  Incidence Prevalence 

Site-years (total) 339 8 

Number of countries with data 9 7 

Number of GBD regions with data (out of 21 regions) 5 5 

Number of GBD super-regions with data (out of 7 super-regions) 3 4 

 

Chronic otitis media 

  Incidence Prevalence Remission 

Site-years (total) 1 30 5 

Number of countries with data 1 15 4 

Number of GBD regions with data (out of 21 regions) 1 9 4 

Number of GBD super-regions with data (out of 7 super-regions) 1 5 3 

 

In addition, data from the United States Medical Expenditure Panel Surveys and Australia National 

Health Surveys were included. The addition of US claims data in the acute otitis model is one of the main 

changes for GBD 2017. 

 

 Severity splits 

We assume that all acute otitis media cases would experience ear pain. The severity distributions for 

chronic otitis media based on the study by Lin and colleagues (2009) were as follows: (i) vertigo (2.9%, 

95% CI: 2.4に3.6%), and (ii) severe infectious complications (0.05%, 95% CI: 0.01に0.2%). We assumed that 

all chronic otitis media cases experience either mild or moderate hearing loss. The lay descriptions and 

disability weights for severity levels derived from the GBD disability weights study are shown below. 

Severity level Lay description DW (95% CI) 

Ear pain has an earache that causes some 

difficulty with daily activities 

0.013 

(0.007に0.024) 

Vertigo due to chronic otitis 

media* 

  

Severe infectious complications 

due to chronic otitis media 

has an earache that causes some 

difficulty with daily activities 

0.013 

(0.007に0.024) 

* See the hearing loss report for the lay descriptions and disability weights for different severity levels. 

 

Modelling Strategy 

We modelled acute and chronic otitis media as separate non-fatal health outcomes using DisMod-MR 

2.1. Log-transformed LDI covariate was used as a location-level covariate to model chronic otitis media.  
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Betas and exponentiated values are shown in the table below: 

Acute otitis media DisMod model 

Covariate Parameter Beta (95% CI) Exponentiated beta (95% 

CI) 

Sex Prevalence 0.39 1.47 (0.91に2.28) 

Sex Incidence -0.21 0.81 (0.80に0.82) 

 

Chronic otitis media DisMod model 

Covariate Parameter Beta (95% CI) Exponentiated beta (95% 

CI) 

Log LDI Prevalence -0.39 0.68 (0.61に0.78) 

Sex Prevalence 0.048 

 

1.05 (0.75に1.45) 

 

 

Reference 

Lin, Y. S., Lin, L. C., Lee, F. P., & Lee, K. J. (2009). The prevalence of chronic otitis media and its 

complication rates in teenagers and adult patients. Otolaryngology-Head and Neck Surgery, 140(2), 165-

170. 
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Diarrhoeal diseases  
 

Flowchart 

 

 

Case definition 

We defined diarrhoeal disease episodes as three or more loose stools in a 24-hour period. In the 

diarrhoea models, self-reported prevalence is the reference category for all data adjustments. Hospital 

input data use ICD9 codes 001-009.9 and ICD10 codes A00-A09. We also split diarrhoea episodes into 

three severity levels: mild, moderate, and severe.  

Input data 

Model inputs 

We used two main types of data in the diarrhoea non-fatal burden estimation and the attribution of 

diarrhoeal aetiologies. Moreover, we included all data sources used in GBD 2016 and conducted new 

reviews of scientific literature, surveys, and hospitalisation data. We presented a summary of the data 

sources in Table 1.  

The first type of data is the incidence and prevalence of diarrhoea in community and hospital settings. 

Hospital data and healthcare utilisation data were identified using the ICD9 codes 001-009.9 and ICD10 

codes A00-A09. To be consistent with the survey data, we transformed the hospital and health care data 

from incidence to prevalence. The second type of data are from population-representative surveys, such 

as the Demographic and Health Surveys and the Multiple Indicator Cluster Surveys. We converted the 
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prevalence of maternal-reported two-week period from surveys to point prevalence in one-year age 

groups using this equation: 鶏剣件券建 鶏堅結懸欠健結券潔結 噺 鶏結堅件剣穴 鶏堅結懸欠健結券潔結 茅 経憲堅欠建件剣券岫迎結潔欠健健 鶏結堅件剣穴 髪 経憲堅欠建件剣券 伐 な岻 

  

Where the mean duration was the duration in days, an average of 4.3 (4.2に4.4).1 

Survey data were adjusted for seasonality. An inclusion criterion for scientific literature is a study duration 

longer than one year to avoid bias in the seasonal timing of diarrhoea. Surveys are frequently conducted 

over several months. To account for seasonal variation in diarrhoea prevalence, we fit a mixed-effects 

generalised additive model for each GBD region with a forced periodicity and a random intercept by 

country. The percent difference between the monthly model fit diarrhoea prevalence and the mean fitted 

diarrhoeal prevalence is a scalar to adjust survey data by month and geography. 

Table 1: Data Inputs for diarrhoea morbidity modelling by parameter. 

  Prevalence 

Site-years (total) 3,247 

Number of countries with data 169 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-

regions) 7 

 

Figure 1. The number of geography-years used in diarrhoea non-fatal modelling for each country is shown
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tiologies 

The second type of data describes diarrhoea aetiologies. We extracted data on all aetiologies except C. 

difficile from scientific literature that reported the proportion of diarrhoea cases that tested positive for 

each pathogen. We completed a systematic literature review covering the years January 2016 to May 

2017 for diarrhoea prevalence, incidence, and all diarrhoea aetiologies. Inclusion criteria included 

diarrhoea as the case definition, studies with a sample size of at least 100, and studies with at least one 

year of follow-up. We excluded studies that reported on diarrhoeal outbreaks exclusively and those that 

used acute gastroenteritis with or without diarrhoea. 

We pulled all articles using a PubMed search term that combined non-specific and aetiology-specific 

diarrhoea on May 25, 2017 (Search string: (diarrhoea[title/abstract] OR diarrhoea[title/abstract]) AND ( 

2016/05/01:2017/12/31[PDat]) AND Humans[MeSH Terms] AND (incidence[title/abstract] OR 

prevalence[title/abstract] OR epidemiology[title/abstract] OR salmonella[title/abstract] OR 

aeromonad*[title/abstract] OR shigell*[title/abstract] OR enteropathogenic[title/abstract] OR 

enterotoxigenic[title/abstract] OR campylobacter[title/abstract] OR amoebiasis[title/abstract] OR 

entamoeb*[title/abstract] OR cryptosporid*[title/abstract] OR rotavirus[title/abstract] OR 

norovirus[title/abstract] OR adenovirus[title/abstract] OR etiology[title/abstract]) NOT 

(appendicitis[title/abstract] OR esophag*[title/abstract] OR surger*[title/abstract] OR 

gastritis[title/abstract] OR liver[title/abstract] OR case report[title] OR case-report[title] OR therapy[title] 

O‘ デヴW;デﾏWﾐデぷデｷデﾉWへ CヴﾗｴﾐぷデｷデﾉWっ;Hゲデヴ;Iデへ O‘ さｷﾐaﾉ;ﾏﾏ;デﾗヴ┞ Hﾗ┘WﾉざぷデｷデﾉWっ;Hゲデヴ;Iデへ O‘ 
irritable[title/abstract] OR travel*[title] OR Outbreak[title] OR Review[ptyp] OR vomiting[title/abstract)).  

We identified 225 studies, of which 51 met our inclusion criteria. We extracted data points for location, 

sex, year, and age. For the data that describe proportion of episodes positive for a given pathogen, we 

assigned an age range based on the prevalence-weighted mean age of diarrhoea in the appropriate 

year/sex/location if the age of the study participants was not reported.  

We used the Global Enteric Multicenter Study (GEMS), a seven-site, case-control study of moderate-to-

severe diarrhoea in children under 5 years,2 and the MAL-ED study,3 a multi-site birth cohort, to calculate 

odds ratios for the diarrhoeal pathogens. We analysed raw data for a systematic reanalysis, 

representative of the distribution of cases and controls by age and site that were tested for the presence 

of pathogen using quantitative polymerase chain reaction (qPCR).4  

Severity split inputs 

Diarrhoeal diseases have three severity levels: mild, moderate, and severe (Table 2). The proportion of 

diarrhoea cases that are assigned to each comes from a systematic review of diarrhoea severity.1 Mild 

cases are the proportion of diarrhoea cases that did not seek medical care (64.8%); moderate cases are 

the proportion that sought medical care but did not have severe dehydration or bloody stool (28.9%); and 

severe cases are the proportion that sought medical care with severe dehydration or bloody stool (6.9%). 

These proportions are based on the frequency of dehydration and bloody stool among community-based 

studies reported in the systematic review. 
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Table 2. Severity splits, details on the severity levels for diarrhoea in GBD 2017 and the associated 

disability weight (DW) with that severity.  

Severity level Lay description DW (95% CI) 

Mild Has diarrhoea defined as 3 or 

more loose stools in a 24-hour 

period with no dehydration 

0.074 (0.049に0.104) 

Moderate Has diarrhoea defined as 3 or 

more loose stools in a 24-hour 

period with painful cramps and 

feeling thirsty and any 

dehydration 

0.188 (0.125に0.264) 

Severe Has diarrhoea defined as 3 or 

more loose stools in a 24-hour 

period with painful cramps and 

is very thirsty or feels nauseated 

or tired and/or severely 

dehydrated 

0.247 (0.164に0.348) 

 

Modelling strategy  

The non-fatal diarrhoeal disease burden is modelled in DisMod-MR, a Bayesian meta-regression 

modelling framework. DisMod-MR produces estimates of the incidence, prevalence, and remission of 

diarrhoea for each age, sex, geographic location, and year. We defined remission, or the time to recovery, 

as five days average. Diarrhoeal disease episodes are characterised as three or more loose stools in a 24-

hour period. The reference category for our input data is community-based diarrhoea episodes such as 

data from population-representative surveys or community cohorts. Input data that are from a different 

population, such as hospital outpatient or inpatient groups, are adjusted by study-level covariates so that 

they are consistent with the reference category. In contrast to GBD 2016, the adjustment for inpatient 

populations occurred outside of DisMod using a mixed-effects regression model with a random intercept 

by GBD super-region to determine the relative prevalence in hospitalised to non-hospitalised diarrhoea.   

Country-level covariates also inform the model. These include the proportion of the population that have 

access to improved sanitation, access to improved water sources, health system access, income per 

capita, and the SEV for diarrhoea (Table 3). 

Table 3. Covariates. Summary of covariates used in the diarrhoea DisMod-MR meta-regression model  

 

Covariate Type Parameter Exponentiated beta 

(95% Uncertainty 

Interval) 

Hospital data Study-level  0.11 (0.094に0.12) 

Marketscan data Study-level  1.20 (1.17に1.23) 

Diarrhoea SEV Country-level Prevalence 1.04 (1.01に1.08) 

Rotavirus vaccine 

coverage 

Country-level Prevalence 1.00 (1.00に1.00) 
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Healthcare access and 

quality index 

Country-level Excess mortality 0.95 (0.95に0.95) 

 

We estimated diarrhoeal disease aetiologies independently from overall diarrhoea mortality using a 

counterfactual strategy for enteric adenovirus, Aeromonas, Entamoeba histolytica, Campylobacter, 

Cryptosporidium, typical enteropathogenic Escherichia coli (t-EPEC), enterotoxigenic Escherichia coli 

(ETEC), norovirus, non-typhoidal salmonella, rotavirus, and Shigella. Vibrio cholerae and Clostridium 

difficile were modelled separately.  

Diarrhoeal aetiologies are attributed to diarrhoeal deaths using a counterfactual approach. We calculated 

a population attributable fraction (PAF) from the proportion of severe diarrhoea cases that are positive 

for each aetiology. The PAF represents the relative reduction in diarrhoea mortality if there was no 

exposure to a given aetiology. As diarrhoea can be caused by multiple pathogens and the pathogens may 

co-infect, PAFs can overlap and add up to more than 100%. We used the following formula to estimate 

PAF:5 鶏畦繋 噺 鶏堅剣喧剣堅建件剣券 茅 岫な 伐 な頚迎岻 

Where Proportion is the proportion of diarrhoea cases positive for an aetiology and OR is the odds ratio of 

diarrhoea given the presence of the pathogen. 

We dichotomized the continuous qPCR test result using the value of the cycle threshold (Ct) that most 

accurately discriminated between cases and controls. The Ct values range from 0 to 35 cycles 

representing the relative concentration of the target gene in the stool sample. A low value indicates a 

higher concentration of the pathogen while a value of 35 indicates the absence of the target in the 

sample. We used the lower Ct value when we had multiple Ct values for the cutpoint. The case definition 

for each pathogen is a Ct value that is below the established cutoff point.  

We used a generalised linear mixed effects logistic regression model to calculate the odds ratio for under 

1 year and 1-2 years old for each of our pathogens from the MAL-ED study. The MAL-ED study was used 

exclusively because the samples tested from that study are from community-based samples, which we 

determined were more representative of non-fatal diarrhoea than the GEMS samples, which tested only 

moderate-to-severe diarrhoea. The odds ratio for 1-2 years was applied to all GBD age groups over 5 

years. There were three pathogen-age odds ratios that were not statistically significant: Aeromonas and 

Amoebiasis in under 1 year and Campylobacter in 1-2 years. If the odds ratio was not statistically 

significant, we transformed the odds ratios only for those aetiologies in log-space such that 

exponentiated values could not be below 1. The transformation was: 

Odds ratio = exp(log(or) に 1)) + 1 

We modelled the proportion data using the meta-regression tool DisMod-MR to estimate the proportion 

of positive diarrhoea cases for each separate aetiology by location/year/age/sex and to adjust for the 

covariates.  

We used the estimated sensitivity and specificity of the laboratory diagnostic technique used in a pooled 

dataset of the GEMS and MAL-ED data compared to the qPCR case definition to adjust our proportion 

before we computed the PAF:6 
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鶏堅剣喧剣堅建件剣券脹追通勅 噺 岫鶏堅剣喧剣堅建件剣券潮長鎚勅追塚勅鳥 髪 鯨喧結潔件血件潔件建検 伐 な岻岫鯨結券嫌件建件懸件建検 髪 鯨喧結潔件血件潔件建検 伐 な岻  

We used this correction to account for the fact that the proportions we used are based on a new test that 

is not consistent with the laboratory-based case definition (qPCR versus conventional laboratory testing 

for pathogens).7 Because differences in the type of PCR used in the original (non-reference qPCR 

diagnostic) between GEMS and MALED in detecting norovirus, we combined the sensitivity and specificity 

results for norovirus such that 50% of the draws were coming from GEMS test results exclusively and 50% 

of the draws were coming from MALED test results exclusively. Additionally, because the original 

laboratory diagnostic technique used for Campylobacter in MALED was one not commonly used, we only 

used GEMS to determine the sensitivity and specificity of bacterial culture compared to qPCR in detecting 

Campylobacter.8 

Our literature review extracted the proportion of any enteropathogenic Escherichia coli (EPEC) without 

differentiating between typical (tEPEC) and atypical (aEPEC). In order to be consistent with the odds ratios 

that we obtained, we adjusted our proportion estimates of any EPEC to typical EPEC only. This adjustment 

was informed by a subset of our literature review that reported both atypical and typical EPEC. We 

estimated a ratio by super-region of tEPEC to any EPEC and adjusted our proportion estimates 

accordingly. We found that the majority of EPEC diarrhoea cases were positive for atypical EPEC, 

consistent with other published work.9  

For Vibrio cholerae (cholera), we used the literature review to estimate expected number of cholera cases 

for each country-year using the incidence of diarrhoea, estimated using DisMod-MR, and the proportion 

of diarrhoea cases that are positive for cholera. We assigned cholera PAF using odds ratios from the qPCR 

results to estimate a number of cholera-attributable cases. We compared this expected number of 

cholera cases to the number reported to the World Health Organization at the country-year level.10 We 

modelled the underreporting fraction to correct the cholera case notification data for all countries using 

health system access and the diarrhoea SEV scalar to predict total cholera cases. We used the age-specific 

proportion of positive cholera samples in DisMod and our incidence estimates to predict the number of 

cholera cases for each age/sex/year/location. Finally, we modelled the case fatality ratio of cholera using 

DisMod-MR and to estimate the number of cholera deaths.  

For C. difficile, we modelled incidence and mortality in DisMod-MR for each age, sex, year, location. 

DisMod-MR is a Bayesian meta-regression tool that uses spatiotemporal information as priors to estimate 

prevalence, incidence, remission, and mortality for C. difficile infection. DisMod-MR uses a 

compartmental model to relate prevalence, incidence, remission, and mortality. We set remission in our 

model to 1 month.  

There are no major modelling updates from GBD 2016.  
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Typhoid and paratyphoid fevers 
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Case definition 

Typhoid and paratyphoid are acute bacterial infections that most commonly cause febrile illness and 

gastrointestinal symptoms. Severe cases are associated with intestinal bleeding and perforation, altered 

mental state and, in some cases, death. We define a confirmed case as one for which there has been a 

positive blood culture test for either Salmonella enterica typhi or paratyphi. Diagnostic criteria do not 

typically accompany national surveillance reports; however, with blood culture being the standard 

diagnostic, we treat reported cases as confirmed. Given the poor sensitivity of blood culture, however, 

we estimated case definition as simply febrile illness resulting from an infection with Salmonella enterica 

typhi or paratyphi. This is effectively a counterfactual definition in which we attempt to estimate the 

number of true infections regardless of test result. These causes include all ICD-10 codes under the 

heading A01 (Typhoid and paratyphoid fevers). 

Input data  

Model inputs 

Our incidence dataset included a combination of data from prospective cohort studies and national 

surveillance systems. Similarly, data on proportions due to typhoid and paratyphoid included a 

combination of prospective cohort studies and national surveillance systems. 

 

 Incidence Proportion 

Site-years (total) 453 380 

Number of countries with data 24 23 

Number of GBD regions with data (out of 21 regions) 14 11 

Number of GBD super-regions with data (out of 7 super-regions) 7 6 
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Updates to systematic reviews are performed on an ongoing schedule across all GBD causes; an update 

for typhoid and paratyphoid fevers will be performed in the next one to two iterations. While no 

systematic update was conducted, we did incorporate new data that were provided by collaborators. 

 

Severity splits 

For GBD 2017, we derived severity splits based on a published review of enteric fever outcomes from 

(Azmatullah A, Qamar FN, Thaver D, et al. 2005). 

 

Paratyphoid is split into four sequelae: mild (28.5% [15.6に44.2]), moderate (52.25% [27.2に77.7]), severe 

(14.25% [8.2に21.8]), and abdominal pain and distention (5.0% [2.8に7.6]): 

 

 

Sequela Description 
Disability 

weight 

Mild Has a low fever and mild discomfort, but no difficulty 

with daily activities. 

0.006 

(0.002に0.012) 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Abdominal pain & distention 

due to paratyphoid 

Has pain in the belly and feels nauseated. The person 

has difficulties with daily activities.  

0.114 

(0.078に0.159) 

 

 

Similarly, typhoid is split into four sequelae: moderate (35.0% [26.0に44.3]), severe (47.75% [38.0に57.4]), 

severe abdominal pain and distention (17.0% [10.0に25.7]), and intestinal bleeding (0.25% [0に2.0]): 

 

Sequela Description 
Disability 

weight 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Gastrointestinal bleeding Vomits blood and feels nauseated. 0.325 

(0.209に0.462) 

Abdominal pain and 

distention (includes intestinal 

perforation) 

Has severe pain in the belly and feels nauseated. The 

person is anxious and unable to carry out daily 

activities. 

0.324 

(0.22に0.442) 
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Modelling strategy 

We first model total incidence of typhoid and paratyphoid combined. Second, we model the proportion 

of this total due to typhoid and the proportion due to paratyphoid. Finally, we split the case estimates 

into sequelae representing different major symptoms and levels of severity. 

 

Total incidence was modelled using DisMod-MR, using the summary exposure values (SEV) for unsafe 

water, and the proportion of the population living in the Indian Ocean monsoon belt as covariates. We 

performed a crosswalk using a study-level covariate indicating sources that were based on passive versus 

active surveillance, with active surveillance as the reference. This adjusts for incomplete case capture by 

passive surveillance. Incidence data were inflated to account for poor diagnostic sensitivity, based on an 

internal meta-analysis of the sensitivity of blood culture, the most common diagnostic used for typhoid. 

Similarly, we used two DisMod models to estimate aetiologic proportions: one for the proportion of total 

incidence due to typhoid, and one for the proportion due to paratyphoid.   

 

Typhoid cases are split between four sequelae: moderate typhoid fever, severe typhoid fever, severe 

typhoid fever with intestinal bleeding, and typhoid fever with abdominal complications. Paratyphoid 

cases are split between four sequelae: mild paratyphoid fever, moderate paratyphoid fever, severe 

paratyphoid fever, and paratyphoid fever with abdominal complications. 

 

Changes from GBD 2016 to GBD 2017 

We made no major changes in our methods between GBD 2016 and 2017. 
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Invasive non-typhoidal salmonella (iNTS) 

Flowchart 

Case definition 
Non-typhoidal salmonella infections are typically associated with diarrhoea. When these bacteria invade a 
typically sterile site like blood, they produce invasive non-typhoidal salmonella (iNTS) disease. Whereas 
non-typhoidal salmonella infections typically produce diarrhoeal illness, iNTS is typically febrile and can 
manifest in diverse symptoms that vary with severity and the exact site of the infection. Blood culture is 
the standard diagnostic for iNTS, and has good sensitivity and specificity. We thus define a case of iNTS as 
any blood-culture-confirmed non-typhoidal salmonella infection. 

Input data  
Model inputs 
We conducted a systematic review for studies of iNTS incidence, including sources that provided iNTS 
incidence rates derived from either active surveillance or, more commonly, hospital- or clinic-based 
surveillance with adjustments for health care utilisation. Studies of special populations (eg, people living 
with HIV/AIDS) were excluded. In total, we found 34 sources meeting our inclusion criteria. 

Incidence 
Site-years (total) 135 
Number of countries with data 25 
Number of GBD regions with data (out of 21 regions) 11 
Number of GBD super-regions with data (out of 7 super-regions) 6 
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Severity splits 
Given the typical severity of iNTS and the breadth of potential symptoms and manifestations, we assign 
all cases to the severe acute infectious disease episode health state, with a disability weight of 0.133 
(0.088–0.19)  

Sequela Description 
Disability 
weight 

Severe acute infectious 
disease episode 

Has a high fever and pain, and feels very weak, which 
causes great difficulty with daily activities. 

0.133 
(0.088–0.19) 

Modelling strategy 
We modelled incidence using DisMod-MR, using HIV mortality rate, malaria incidence adjusted for 
antimalarial coverage and drug effectiveness, and the summary exposure values (SEV) for sanitation as 
country-level covariates. We use no study-level covariates in the model. We estimated prevalence as the 
product of incidence times duration. We assumed a mean duration of 14 days (95% CI: 7–21). 

Changes from GBD 2016 to GBD 2017 
iNTS is a new cause for GBD 2017. 

99



Other intestinal infectious diseases 

In addition to the intestinal infectious diseases described above, there are many diverse types of 

intestinal infectious diseases. Because these intestinal infectious diseases are diverse in their underlying 

causes and risk factors as well as in their associated health outcomes, modelling them together in a 

DisMod-MR model would not produce reliable estimates of prevalence or excess mortality. Instead, we 

calculated the YLDs caused by intestinal infectious diseases directly using a YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified intestinal infectious diseases for which 

nonfatal outcomes were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. 

We then multiplied this YLD/YLL ratio by the YLL estimates for other intestinal infectious diseases from 

the GBD 2017 CoD analysis, providing us with an estimate of the YLDs associated with other intestinal 

infectious diseases. 
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 Malaria 
 

Flowchart 
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Case definition 

Malaria is an acute parasitic mosquito-borne disease. An individual with uncomplicated malaria 

experiences one to two weeks of persistent fever, chills/shivering, sweating, joint pains, and headache.  

The individual will likely be lethargic and feverish, causing loss of daily function during the attack. 

Individuals with an untreated P. falciparum infection may develop severe malaria, which includes the 

symptoms of uncomplicated malaria but may also involve swelling, difficulty breathing, unconsciousness, 

and death. Microscopy is considered the gold-standard diagnostic approach for the purposes of GBD. The 

relevant ICD-10 codes are B50-B54. 

 

Data input 

Primary data inputs were: 

(i) Routine malaria case reports from national routine surveillance systems. These were 

obtained at the national level from the WHO World Malaria Report and at the subnational 

administrative level, wherever possible, via an exhaustive search of published and grey 

literature sources along with online data portals hosted by national ministries of health. Each 

retained record consisted of an annual count of malaria cases along with a distinction 

between confirmed and unconfirmed diagnoses, and differentiation by malaria parasite 

species. 

(ii) Cross-sectional, geolocated, and community-representative observations of infection 

prevalence for Plasmodium falciparum (referred to hereafter as P. falciparum parasite rate, 

PfPR). 

 

These malaria epidemiological metrics were augmented in the modelling by: 

(iii) Malaria Atlas Project (MAP) modelled estimates of malaria control intervention population 

coverage (ITNs, IRS, and effective treatment with an antimalarial drug) resolved to 5 km x 5 

km pixel-year level (for sub-Saharan Africa) and country-year level (outside sub-Saharan 

Africa). 

(iv) A large suite of environmental, sociodemographic, and economic covariates resolved to 5 km 

x 5 km pixel-year level (for sub-Saharan Africa) and country-year level (outside sub-Saharan 

Africa). 

 

Modelling strategy 

The suitability, availability, and quality of PfPR and routine case reporting data, as well as detailed 

intervention coverage information, differ markedly inside versus outside sub-Saharan Africa. As such, we 

developed separate modelling strategies for countries inside sub-Saharan Africa versus those outside. The 

exceptions were Algeria, Egypt, Morocco, Comoros, Mauritius, Cape Verde, Sao Tome and Principe, 

Rwanda, Botswana, Namibia, Eritrea, Djibouti, and South Africa. Despite being part of Africa, these 

countries exhibit epidemiological trends and have data availability/quality more akin to non-African 

settings. 

PfPR and case incidence modelling: Africa 

Modelling was conducted in the following steps: 
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(i) The large assembly of geolocated PfPR surveys maintained by MAP was used in a Bayesian 

spatiotemporal geostatistical model to predict PfPR for every pixel-year in sub-Saharan Africa, 

representing an update to earlier work (Bhatt et al Nature, Gething et al NEJM). The model 

took into account (i) PfPR survey participant age ranges and diagnostic type; (ii) coverage of 

ITNs, IRS, and effective antimalarial drug coverage, and how these metrics changed through 

time at each date and prediction location; (iii) environmental conditions at each date and 

prediction location (including density of vegetation, temperature, humidity, rainfall, 

elevation, and proximity to populated areas). The outcome was a predicted space-time 

さI┌HWざ of PfPR, standardized to the 2-10 age range, for each year 1980に2017. 

(ii) The PfPR cube was then converted into an equivalent cube of the predicted incidence rate of 

clinical malaria. This conversion was achieved using an established model (Cameron et al 

Nature Communications) and provided estimates stratified first into three broad age bins (0-

5; 5-15; <15) and then into the final 23 GBD 2017 age bins. 

 

PfPR and case incidence modelling: Outside Africa 

Malaria endemic countries outside Africa tend to have less PfPR data than those inside, in part because 

prevalence is generally lower. Thus, PfPR becomes an inefficient way to measure malaria risk. Routine 

surveillance systems outside Africa are generally stronger, meaning that reports of malaria cases from 

health systems are more reliable and provide some insight into the total malaria burden in the 

community. Modelling outside Africa was carried out in the following steps: 

(i) National and subnational case reports were first subject to adjustments to identify and 

minimise bias. Bias in reported case numbers arises from various sources. First, a fraction of 

cases in the community will fail to seek treatment or will attend a private or informal health 

care provider who will not provide a record of that case to the routine surveillance system. 

We adjusted for these factors by modelling the fraction of cases seeking care from different 

provider categories based on data from nationally representative cross-sectional household 

surveys (primarily from the Demographic and Health Survey (DHS) program and the Multiple 

Indicator Cluster Survey program). Another factor for which we must adjust is cases reaching 

formal clinics may not be subject to a confirmatory diagnostic test. We adjusted for this by 

assuming the fraction of unconfirmed cases that were truly malaria would equal the fraction 

of positives among all those tested. A final factor we adjust for is incomplete data as many 

routine surveillance systems fail to capture all case reports, with facilities/regions missing 

from the national totals in a given year. We adjusted for this based on reporting 

completeness statistics published nationally by WHO. 

(ii) These adjusted routine case reports were georeferenced using digitised administrative 

boundary data using a spatial database of such boundaries collated and maintained by MAP. 

(iii) Each case report was converted to an estimate of clinical incidence rate by dividing it by the 

estimated population in each unit, with the latter quantity derived by combing high-

resolution gridded population data and the aforementioned administrative boundaries. 

(iv) Bayesian time-series models were then applied to the case reports for each country to 

impute incidence rates for years with missing data. The results from this analysis, in 

conjunction with the adjusted case reports, constitute the incidence values delivered for GBD 

2017. 

(v) The incidence rate for each country-year was then converted to an inferred PfPR value using 

the same model described earlier (Cameron et al). This allowed us to utilise these polygon-
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level surveillance data and the PfPR point-level data (where present) within the same 

modelling framework.  

(vi) The combined PfPR survey point data and (pseudo) PfPR administrative unit data were then 

used in a Bayesian spatiotemporal geostatistical model to predict PfPR at pixel-year level 

across all countries. As for the Africa model, PfPR was standardised by age and diagnostic 

type and informed by a wide suite of covariates. An additional mechanism was developed to 

allow polygon (ie, administrative unit) and point (ie, survey) data to be used jointly to infer 

the predicted space-time surfaces. 

(vii) The predicted PfPR cube was then adjusted to ensure that, after conversion to pixel-level 

incidence, the incidence counts per country-year would precisely match the incidence results 

from step (iv). The summarised PfPR values (ie, population-weighted and tallied for each 

country-year) from the adjusted PfPR cube constitute the PfPR values delivered for GBD 

2017. 

 

Total malaria cases by country, year, sex 
The pixel-level predictions of clinical incidence rate (both inside and outside Africa) were combined with 

high-resolution gridded population data to estimate total cases per pixel-year. These were then 

aggregated to GBD national/subnational geographies. Inside sub-Saharan Africa, for countries endemic 

for P. vivax and P. falciparum, we calculated the number of cases due to P. vivax by applying the fraction 

of P. vivax and P. falciparum obtained from WHO and a literature review. Outside sub-Saharan Africa we 

followed the identical procedure for P. vivax and P. falciparum. Final age-splitting was accomplished using 

age-versus-incidence rate relationships gleaned from the paper by Cameron and colleagues (2014). 

Determining YLDs for malaria 

As in GBD 2016, we use a two-step process for determining malaria severity. For acute cases, severity 

splits for mild, moderate, and severe malaria were produced by analysis of MEPS data. These sequelae 

and their associated disability weights are presented below. 

Table 1. Severity level, lay description, and DW 

Severity level Lay description DW (95% CI) 

Mild Has a low fever and mild discomfort but no 

difficulty with daily activities. 

0.006 

(0.002に0.012) 

Moderate Has a fever and aches and feels weak, which causes 

some difficulty with daily activities. 

0.051 

(0.032に0.074) 

Severe Has a high fever and pain and feels very weak, 

which causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

 

To determine long-term neurological burden due to malaria, we use the work by Roca-Felter and 

colleagues (2008) that examined the number of uncomplicated cases that led to longer-term impairment. 

Analytically, this means multiplying incidence estimates (described in the section above for persons under 

20 by 0.00029 (0.000077に0.00057). This adjusted case estimate is then combined with excess mortality 

rates derived from all-cause mortality and standardised mortality ratios for neonatal encephalopathy (NE) 

in a DisMod model to produce prevalence estimates of long-term sequelae for all estimation years. 

Implicit in this process is an assumption that the disability and trend of impairment due to severe malaria 

follow NE. The subsequent severity splitting follows NE as well.  
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To determine the burden of acute (short-term) malaria, the incidence estimation results are combined 

and converted to prevalence by matching each draw with a draw of duration of clinical illness. Consistent 

with GBD 2016, we use a uniform distribution between 14 and 28 days for duration. 
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Case definition 

Chagas disease is defined by infection with the protozoa Trypanosoma cruzi, which is transmitted by 

Triatominae insect vectors (most common), blood transfusion, organ transplant, and congenital 

transmission. It includes an acute phase corresponding with the time of infection, and is typically 

asymptomatic. Chronic infection may be latent (ie, asymptomatic), or result in cardiovascular or digestive 

sequelae. It includes all ICD-10 codes under the heading B57 (Chagas disease), with codes B57.0-B75.1 

corresponding to the acute phase, B57.2 corresponding to chronic cardiovascular sequelae, and B57.3 

corresponding to chronic digestive sequelae.  

Input data 

 Model inputs 

For GBD 2017 estimation, we used seroprevalence data to model Chagas. The table below illustrates the 

geographic distribution of model input data for the estimation process.  

Table 1. Data Coverage 

 Prevalence 

Site-years (total) 78 

Number of countries with data 13 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 2 
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We also use CSMR estimates in the modelling process, which will be addressed in further detail below. 

 

Modelling strategy  

We modelled Chagas disease using a full DisMod-MR 2.1 Bayesian meta-regression model incorporating 

seroprevalence data, as above, and CSMR estimates. We assume no remission. We eliminate all new 

infections, except those via vertical transmission, in Chile and Uruguay for years after the interruption of 

vector-based transmission (Abad-Franch F, Diotaiuti L, Gurgel-Gonçalves R, Gürtler RE. Certifying the 

interruption of Chagas disease transmission by native vectors: cui bono? Mem Inst Oswaldo Cruz 

2013;108:251に4.; Coura JR. Chagas disease: control, elimination and eradication. Is it possible? Mem Inst 

Oswaldo Cruz 2013;108:962に7.). For non-endemic countries, we estimate the prevalence of imported 

chronic infections based on migration. For each non-endemic country, we estimate the total number of 

people infected with Chagas as the sum of the number of immigrants from each endemic country 

multiplied by the corresponding prevalence of Chagas in that endemic country.  

 

We estimate five sequelae: symptomatic acute infection from incidence; and megaviscera, heart failure, 

atrial fibrillation, and chronic asymptomatic infection from prevalence. We assume that 5% of acute 

infections will be symptomatic (Teixeira AR, Nitz N, Guimaro MC, Gomes C, Santos-Buch CA. Chagas 

disease. Postgrad Med J 2006;82:788に98.). The proportion of chronic infections resulting in a given 

sequela varies by sex and age: the prevalence of megaviscera among those infected with Chagas ranges 

from 0% in children to nearly 10% among older adults ふCﾗ┌ヴ; J‘が N;ヴ;ﾐﾃﾗ MAが WｷﾉﾉIﾗ┝ HPく Cｴ;ｪ;ゲげ SｷゲW;ゲW 
in the Brazilian Amazon: II. A serological survey. Rev Inst Med Trop São Paulo 1995; 37:103に7.); the 

prevalence of atrial fibrillation attributable to Chagas ranges from 0% among children to approximately 

10% in men over 80 years of age (Ribeiro AL, Marcolino MS, Prineas RJ, Lima-Costa MF. 

Electrocardiographic abnormalities in elderly Chagas disease patients: 10-year follow-up of the Bambuí 

Cohort Study of Aging. J Am Heart Assoc 2014;3:e000632.); and the prevalence of heart failure 

attributable to Chagas among those who are infected ranges from 0% among young children, to a 

maximum of 23% among men over 80 years of age (Sabino EC, Ribeiro AL, Salemi VM, et al., for the 

National Heart, Lung, and Blood Institute Retrovirus Epidemiology Donor Study-II (REDS-II), International 

Component. Ten-year incidence of Chagas cardiomyopathy among asymptomatic Trypanosoma cruzi-

seropositive former blood donors. Circulation 2013;127:1105に15.). 

 

Severity splits and disability weights 

 

The table below illustrates the sequelae, lay descriptions, and DWs for Chagas disease.  

 

Table 2. Sequelae, lay description and DWs 

 

Sequelae Description 
Disability 

Weight 

Atrial fibrillation and 

flutter due to Chagas 

disease 

 

Has periods of rapid and irregular heartbeats and occasional 

fainting.  

0.224 

(0.151に
0.312) 
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Mild heart failure due 

to Chagas disease 

Is short of breath and easily tires with moderate physical 

activity, such as walking uphill or more than a quarter-mile on 

level ground. The person feels comfortable at rest or during 

activities requiring less effort. 

 

0.041 

(0.026に
0.062) 

Moderate heart failure 

due to Chagas disease 

Is short of breath and easily tires with minimal physical 

activity, such as walking only a short distance. The person 

feels comfortable at rest but avoids moderate activity. 

 

0.072 

(0.047に
0.103) 

Severe heart failure 

due to Chagas disease 

Is short of breath and feels tired when at rest. The person 

avoids any physical activity, for fear of worsening the 

breathing problems.  

 

0.179 

(0.122に
0.251) 

Mild chronic digestive 

disease due to Chagas 

disease 

 

Has some pain in the belly that causes nausea but does not 

interfere with daily activities. 

0.011 

(0.005に
0.021) 

Moderate chronic 

digestive disease due to 

Chagas disease 

 

Has pain in the belly and feels nauseated. The person has 

difficulties with daily activities.  

 

0.114 

(0.078に
0.159) 

Acute Chagas disease Has a fever and aches, and feels weak, which causes some 

difficulty with daily activities.  

 

0.051 

(0.032に
0.074) 

Asymptomatic Chagas 

disease 

Latent Chagas infection (ie, chronic infection with no 

apparent symptoms) 

NA 

 

 

Changes from GBD 2016 to GBD 2017 

We have made no substantive changes in the modelling strategy for endemic countries from GBD 2016 to 

GBD 2017. 
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Visceral leishmaniasis (VL) is the most serious manifestation of disease caused by the Leishmania 

parasite, transmitted through the bite of phlebotomine sandflies. Those infected typically present with 

fever, weight loss, anaemia, leukopenia, thrombocytopenia, and enlargement of the spleen and liver. If 

left untreated, it can be fatal. Transmission varies by geographic region, with a variety of reservoir hosts 

implicated, and different vector species associated, maintaining both zoonotic and anthroponotic 

transmission cycles. The ICD9 code related to visceral leishmaniasis is 085.0, and the ICD10 code is 

B55.0. 

 

Description of general methodology 
 

The fatal estimation process for visceral leishmaniasis is built from incident case notification data 

representative of the GBD geographic location, which is adjusted for underreporting. The upscaled all-

age, both-sex case counts are modelled using spatiotemporal Gaussian process regression (ST-GPR) in 

order to impute for missing location-year combinations as well as to account for further biases and 

inaccuracies in reporting. Datasets that disaggregate VL cases by age and sex are modelled using DisMod 

to produce a global age-sex split which is applied to the all-age, both-sex envelope estimates resulting 

from ST-GPR. The mean incidence estimates are compared with estimated death counts to generate a 

case-fatality rate model that is subsequently used to estimate deaths for each age, sex, location, year. 

 

Input Data に Case Notification time series 
Current estimation for the all-age, both-sex incidence envelope is based upon location-representative 

information rather than site-specific epidemiological measures due to the absence of global foci maps 

allowing for upscaling of geographically precise information. The primary data resource therefore is the 

case notification time-series reported by National Control Programs and Ministries of Health to the 

World Health Organization. This is supplemented by systematic literature review (last updated for GBD 

2015) to identify alternate sources of data for years missing information. For countries with subnational 
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estimates, in-country collaborators have compiled information for respective programs, or identified key 

resources. Notifications from 1,151 location-years were available. 

 

Input Data に Underreporting assessments 
It is recognised that case notification series record only a subset of the true cases present. A review was 

undertaken to identify articles that compared reported cases with alternate measures to estimate the 

SWｪヴWW ﾗa ┌ﾐSWヴヴWヮﾗヴデｷﾐｪく TｴW aﾗﾉﾉﾗ┘ｷﾐｪ ゲW;ヴIｴ ゲデヴｷﾐｪゲ ┘WヴW ┌ゲWSぎ けﾉWｷゲｴゅ AND ┌ﾐSWヴゅげき け;Iデｷ┗W ヮ;ゲゲｷ┗W 
ﾉWｷゲｴゅげく IﾐIﾉ┌ゲｷﾗﾐ IヴｷデWヴｷ; ┘WヴW Hヴﾗ;S デﾗ ﾏ;┝ｷﾏｷゲW ゲヮ;デｷﾗデWﾏヮﾗヴ;ﾉ Iﾗ┗Wヴ;ｪW ｷﾐ ヮﾗデWﾐデｷ;ﾉ Wゲデｷﾏ;デWゲ に any 

ヴWヮﾗヴデ デｴ;デ Iﾗﾏヮ;ヴWS ヴWヮﾗヴデWS ゲデ;デｷゲデｷIゲ ┘ｷデｴ ゲﾗﾏW ﾐﾗデｷﾗﾐ ﾗa さデヴ┌デｴざ ふ┘ｴWデｴWヴ I;ヮデ┌ヴW-recapture, active 

surveillance, etc.) were extracted. Values for both cutaneous and visceral  

leishmaniasis were included. For GBD 2017, 12 articles were included, summarised in Table 1. 
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Citation GBD location Time period Pathogen Method synopsis Proportion of 

さデヴ┌Wざ I;ゲWゲ 
reported 

Copeland et al.が ヱΓΓヰ さCﾗﾏヮ;ヴｷゲﾗﾐ 
of active and passive case detection 

of cutaneous leishmaniasis in 

G┌;デWﾏ;ﾉ;ざ (Copeland, Arana, and 

Navin 1990) 

Guatemala 1990 CL Comparison of Ministry of Health data 

with cross-sectional population-based 

survey to inform estimated number of 

cases 

64/2574 

Yadon et al. ヲヰヰヱ さAゲゲWゲゲﾏWﾐデ ﾗa 
Leishmaniasis notification system in 

Santiago del Estero, Argentina, 

1990-ヱΓΓンざ (Yadón et al. 2001) 

Argentina 1990に1993 CL Capture-recapture methods were 

used to evaluate four reporting 

sources. 

94/210 

Sesma et al. ヱΓΓΑ さLWｷゲｴﾏ;ﾐｷ;ゲｷゲ ｷﾐ 
N;┗;ヴヴ;ぎ ; ヴW┗ｷW┘ ﾗa ;Iデｷ┗ｷデｷWゲざ 
(Sesma and Barricarte 1997) 

Spain 1990に1997 CL, VL Comparison of active searching within 

the region with reporting via 

Epidemiological Surveillance System 

8/21 

Maia-Elkhoury et al. ヲヰヰΑ さAﾐ;ﾉ┞ゲｷゲ 
of visceral leishmaniasis reports by 

the capture-ヴWI;ヮデ┌ヴW ﾏWデｴﾗSざ 
(Maia-Elkhoury et al. 2007) 

Brazil 2002に2003 VL Comparison of three notification 

systems for completeness 

5896/10691 

Singh et al. ヲヰヰヶ さ“Wヴｷﾗ┌ゲ 
underreporting of visceral 

leishmaniasis through passive case 

ヴWヮﾗヴデｷﾐｪ ｷﾐ Bｷｴ;ヴが IﾐSｷ;ざ (S. P. Singh 

et al. 2006) 

Bihar, India 2003 VL Comparison of actively detected cases 

(identified via household surveys) and 

governmental health system records. 

Estimate is among study population 

8/65 

Singh et al. ヲヰヰヶ さ“Wヴｷﾗ┌ゲ 
underreporting of visceral 

leishmaniasis through passive case 

ヴWヮﾗヴデｷﾐｪ ｷﾐ Bｷｴ;ヴが IﾐSｷ;ざ (S. P. Singh 

et al. 2006) 

Bihar, India 2003 VL Comparison of actively detected cases 

(identified via household surveys) and 

governmental health system records. 

109/876 

Gkolfinopoulou et al. 2013 

さEヮｷSWﾏｷﾗﾉﾗｪ┞ ﾗa ｴ┌ﾏ;ﾐ 
leishmaniasis in Greece, 1981-ヲヰヱヱざ 
(Gkolfinopoulou et al. 2013) 

Greece 2004に2009 VL Comparing number of cases identified 

at national reference laboratory with 

mandatory notification system. 

260/361 
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Singh et al. ヲヰヱヰ さEゲデｷﾏ;デｷﾗﾐ ﾗa 
under-reporting of Visceral 

LWｷゲｴﾏ;ﾐｷ;ゲｷゲ I;ゲWゲ ｷﾐ Bｷｴ;ヴ IﾐSｷ;ざ 
(V. P. Singh et al. 2010) 

Bihar, India 2006 VL Comparison of actual reported 

number of cases with estimates age-

sex stratified incidence proportions 

for a cohort of 31,324 persons 

34/177 

Hirve et al. ヲヰヱヰ さEaaWIデｷ┗WﾐWゲゲ ;ﾐS 
feasibility of active and passive case 

detection in the Visceral 

Leishmaniasis Elimination Initiative 

in India, Bangladesh, ;ﾐS NWヮ;ﾉざ 
(Hirve et al. 2010) 

Bihar, India 

Nepal 

Bangladesh 

2008 VL Comparing active case detection 

evaluations (conducting via house-to-

house screening) with passive case 

detection systems 

111/130 

119/127 

18/25 

20/32 

Faraj et al. ヲヰヱヶ さEaaWIデｷ┗WﾐWゲゲ ;ﾐS 
cost of insecticide-treated bed nets 

and indoor residual spraying for the 

control of cutaneous leishmaniasis: 

A cluster-randomized control trial in 

MﾗヴﾗIIﾗざ (Faraj et al. 2016) 

Morocco 2008に2013 CL Comparison of incidence of new CL 

cases by both active and passive case 

detection 

409/670 

Das et al. ヲヰヱヴ さAIデｷ┗W ;ﾐS ヮ;ゲゲｷ┗W 
case detection strategies for the 

control of leishmaniasis in 

B;ﾐｪﾉ;SWゲｴざ (Das et al. 2014) 

 

Bangladesh 2010に2011 VL Cﾗﾏヮ;ヴｷﾐｪ デ┘ﾗ SｷゲデヴｷIデゲげ Wゲデｷﾏ;デWゲ 
[identified in the paper as being 

directly comparable] of cases, one via 

active case detection, the other via 

passive case detection. Active case 

detection was via community 

education and outreach workers 

targeting households 

756/1087 

Rahman et al. ヲヰヱヵ さPWヴaﾗヴﾏ;ﾐIW ﾗa 
Kala-azar surveillance in Gaffargaon 

subdistrict of Mymensingh, 

B;ﾐｪﾉ;SWゲｴざ (Rahman et al. 2015) 

Bangladesh 2010に2011 VL Comparison of cases reported to the 

local health complex versus active 

search for kala-azar cases 

29/58 

Eid et al. ヲヰヱΑ さAゲゲWゲゲﾏWﾐデ ﾗa ; 
Leishmaniasis reporting system in 

tropical Bolivia using the capture-

ヴWI;ヮデ┌ヴW ﾏWデｴﾗSざ (Eid et al. 2017) 

Bolivia 2013に2014 CL Active surveillance during medical 

campaigns were compared to 

registered cases reported by the 

National Program of Leishmaniasis 

Control 

23/86.4 

112



Table 1: Metadata for underreporting scalars used in GBD 2017. For each record, a citation, GBD location of relevance, year, pathogen, brief 

summary of methods, and output values used in modelling are listed. 
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Input data に age/s -split data 
Where possible, information disaggregating location-level statistics by age and sex were extracted. 

 

 Incidence 

Site-years (total) 1519 

Number of countries with data 70 

Number of GBD regions with data (out of 21 regions)* 14 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Table 2: Summary statistics for data used to inform age/sex split modelling. *It should be noted that not 

all GBD regions have leishmaniasis-endemic countries within them. 

 

Method に geographic restrictions 
There are strong climatic and biogeographic constraints on the geographic distribution of VL resulting in 

a focal rather than cosmopolitan global distribution. As a result, it is necessary to identify locations 

burdened by the disease through space and time as distinct from countries were VL is absent. Tags were 

assigned to each location-year based upon the outcome of a search of IHME databases, as well as 

location-specific searches of PubMed. Each location-year is tagged as follows: 

- Present に where a specific citation of either an autochthonous laboratory-confirmed case (ie, a case 

with PCR, serological, or parasitological diagnosis), reported case (ie, a case noted as VL, but with no 

supporting diagnostic), or supporting evidence (ie, confirmed infection in animal reservoirs or 

sandfly vectors) 

- Protocol Present に for a given location-year, where no specific citation is used, but is present for 

another year in the same location, it is assumed that VL is present given that eradication of the 

pathogen has not been achieved 

- Absent に where PubMed location-specific searches returned zero relevant results, in locations 

scoring -25 or lower as evaluated by Pigott et al. ふヲヰヱヴぶ ぷデｴW デｴヴWゲｴﾗﾉS aﾗヴ さ;HゲWﾐIWざ ｷﾐ デｴ;デ ゲデ┌S┞ 
(Pigott et al. 2014)], locations were tagged as Absent 

- Protocol Absent に as with Absent, locations with zero relevant PubMed results, but with greater 

than -25 as evaluated by Pigott et al. (2014), were tagged as Protocol Absent (Pigott et al. 2014) 
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Figure 1: Visceral Leishmaniasis geographic restrictions for the year 2013. GBD locations tagged as 

present are coloured in red, yellow represents protocol presence, dark blue represents protocol 

absence, and absence is represented by light blue. Locations missing tags are presented in grey. 
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Figure 2: Visceral Leishmaniasis geographic restrictions for Indian subnationals. Locations tagged as 

present are coloured in red, yellow represents protocol presence, and dark blue represents protocol 

absence. 

 

Full time series of maps and tables, with relevant GHDx NIDs, are available upon request from 

gbdsec@uw.edu. 

 

Method に underreporting modelling and scaled case counts 
Underreporting scalars were modelled as a generalised linear model estimating the proportion of true 

cases captured by reporting systems: a value of 1 therefore represents all actual cases of leishmaniasis 

being reported through notification systems. The specific models is as follows: 
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堅結喧剣堅建結穴 潔欠嫌結嫌ｇtrueｇ cases 噺 鶏欠建月剣訣結券 髪 桁結欠堅 髪 鯨剣潔件剣穴結兼剣訣堅欠喧月件潔 荊券穴結捲 

 

To account for potential biases inherently present based upon differing survey methods or location-

specific confounders, 1,000 models were run, with each model randomly dropping all data from a 

specific location, and then one additional data point from the remaining dataset. Similarly, for estimates 

that spanned multiple years, for each model one of the years within the range of possible years was 

randomly assigned. 

To generate scaled case counts, for each of the 1,000 models a random number was generated, using a 

normal distribution with mean being that of the mean estimated scalar bounded by the upper and lower 

confidence interval. With these 1,000 scalars, 1,000 scaled case counts were calculated and summarised 

for modelling within ST-GPR. 

 

Method に -GPR 
Using existing IHME tools, the summarised values were modelled using ST-GPR to produce a complete 

time series of estimates for each location-┞W;ヴ デ;ｪｪWS さPヴWゲWﾐデざ ﾗヴ さPヴﾗデﾗIﾗﾉ PヴWゲWﾐデざく Iﾐ ゲｴﾗヴデが “T-GPR 

attempts to model non-linear trends utilising a Gaussian process to fit a trend, rather than a definitive 

functional form. The following model specifications were used: 

 荊券潔件穴結券潔結 噺   茎結欠健建月潔欠堅結 畦潔潔結嫌嫌 欠券穴 芸憲欠健件建検 荊券穴結捲 髪 鯨剣潔件剣穴結兼剣訣堅欠喧月件潔 荊券穴結捲 髪 岫な】健結懸結健 な岻髪 岫な】健結懸結健 に岻 髪 岫な】健結懸結健 ぬ岻 

 

where levels 1, 2, and 3, referring to GBD location hierarchies, treated as random effects. The following 

hyperparameters were used: st-lambda = 0.4, st-omega = 1, st-zeta = 0.01, gpr-scale = 10. 

 

Method に DisMod 
DisMod was used to generate an age-sex curve to disaggregate all-age, both-sex incidence data. DisMod 

is an integrated meta-regression framework that allows for multiple datasets to be integrated into a 

singular analysis regardless of age-binning, sources, and geographies. As a consequence, a variety of 

differently aggregated information can be evaluated to generate a consensus output. From this model, 

the global fit was used. 

 

Method に YLD estimation (incorporating duration and disability weighting) / COMO 

Following standard GBD estimation protocols, incidence estimates were used to calculate disease 

prevalence (by multiplication with duration), disaggregated by disease sequelae. In total, two health 

states are assigned to visceral leishmaniasisが さﾏﾗSWヴ;デW ┗ｷゲIWヴ;ﾉ ﾉWｷゲｴﾏ;ﾐｷ;ゲｷゲざ ;ﾐS さゲW┗WヴW ┗ｷゲIWヴ;ﾉ 
ﾉWｷゲｴﾏ;ﾐｷ;ゲｷゲざ ぷT;HﾉW ン]. Duration values were taken from Murray et al. (2005). 

 

Sequela Health state lay 

description 

Disability weight Duration 

Moderate visceral 

leishmaniasis 

Infectious disease, acute 

episode, moderate 

さｴ;ゲ ; aW┗Wヴ ;ﾐS ;IｴWゲが 
and feels weak, which 

causes some difficulty in 

S;ｷﾉ┞ ;Iデｷ┗ｷデｷWゲざ 

0.051 (0.032に0.074) 2.5 months 
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Severe visceral 

leishmaniasis 

Infectious disease, acute 

episode, severe 

さｴ;ゲ ; ｴｷｪｴ aW┗Wヴ ;ﾐS 
pain, and feels very 

weak, which causes 

great difficulty with daily 

;Iデｷ┗ｷデｷWゲざ 

0.133 (0.088に0.19) 15 days 

 

Table 3: Sequelae and associated metadata. For the sequelae used in GBD 2017, the lay descriptor health 

state, disability weight, and duration are listed. 

 

Central processing is used to generate the final estimates, including co-morbidity simulations. 

 

Changes from GBD  
A number of changes to the methodology were implemented for GBD 2017: 

 Geographic restrictions に to improve transparency and tractability of geographic restrictions, 

maps of restricted locations and years are available, with clear designation of data (or assumptions) 

used to inform a GBD location-┞W;ヴげゲ ゲデ;デ┌ゲく Aゲ ; ヴWゲ┌ﾉデ ﾗa ┌ヮS;デｷﾐｪが デｴW ゲデ;デ┌ゲ ﾗa ゲﾗﾏW GBD ﾉﾗI;デｷﾗﾐゲ 
has changed in the light of new evidence (eg, Angola). While we explore how best to host this 

information, it is currently available upon request to gbdsec@uw.edu. 

 All-age, both-sex incidence envelope に new data were acquired and an ST-GPR methodology 

implemented consistently across the globe. Relevant covariates were updated from GBD 2016. One 

ｷﾏヮﾗヴデ;ﾐデ Iｴ;ﾐｪW ┘;ゲ デｴW ヴWﾏﾗ┗;ﾉ ﾗa デｴW さHｷｪｴ WﾐSWﾏｷIｷデ┞ざ Iﾗ┗;ヴｷ;デWが ┘ｴｷIｴ Iﾗﾐゲデヴ;ｷﾐWS ヮヴWSｷIデｷﾗﾐゲが 
particularly in low SDI countries in Africa, since its construction and subsequent use in models are not 

independent of each other.  

 Age-sex breakdown に age-sex curves were taken from a DisMod model using an updated 

dataset of age-sex specific information 

 Underreporting model に considerable changes were undertaken from GBD 2016 for 

underreporting. Rather than using a single scalar, taken from expert opinion (Alvar et al. 2012), applied 

across the entire time series, a model was developed, parameterised by real data, allowing for 

spatiotemporal variation in estimates. These variable scalars were then applied to their relevant 

location-year case count values. 

 

Results specific to visceral leishmaniasis model 
The aim here is to provide insights in some of the sub-models that are involved in the VL estimation 

process that are not published as part of the GBD capstones or readily available via the supplemental 

materials. For further questions, please direct toward gbdsec@uw.edu. 

 

Underreporting 

 

Coefficients 

Pathogen: 0.6371 (-0.0456 to 1.5868) (where pathogen order is CL, VL) 

Year: 0.1350 (0.0714に0.2058) 

SDI: 4.6230 (2.0290に9.3287) 
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Figure 3: Example of VL underreporting model for Bihar, India. Plot showing each of the 1,000 iterations 

of the underreporting model run, coloured by the location that has been held out [colours coded by 

their GBD location id: 161 = Bangladesh, 128 = Guatemala, 148 = Morocco, 4844 = Bihar, India, 82 = 

Greece, 97 = Argentina, 92 = Spain, 164 = Nepal, 121 = Bolivia, 135 = Brazil]. The black vertical lines 

represent data points (with standard errors) for Bihar as listed in Table 1, and the green dashed line is 

the upper and lower bound of the underreporting factor recorded by Alvar et al. (2012), which was 

applied across all time in GBD 2016. 

 

Age- and sex-specific trends in incidence rate 
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Figure 4: Global age-specific incidence estimates for males (left) and females (right) for the year 2010. 

Incidence is on the Y-axis (rate per total population), and age in years on the X-axis. Screenshot from 

EpiViz. 

 

Figure 4 shows the age-specific variation in incidence rates, differentiated by sex. When considered as a 

global aggregate, we see that reported male incident rates are approximately double those of females, 

with highest rates observed in younger age groupings. In adults, levels are comparatively flat, but there 

is an uptick in older age groups. 

 

ST-GPR 

 
Figure 5: ST-GPR estimates for India (all-age, both sex) for years 1990に2017. Black dots represent input 

data points (post processing for underreporting) with the black lines indicating variance. The green line 
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represents the mean GPR estimated value, with uncertainty shown by the green polygon. The blue line 

indicates the space-time component of the ST-GPR; the red indicates the linear regression component 

derived off of global data. Transparent black dots represent data from other locations in the GBD region 

CFR. 

 
Figure 6: ST-GPR estimates for India (all-age, both sex) for years 2009に2017. Colouration and symbols 

are as stated in caption for Figure 5. 
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Figure 7: ST-GPR estimates for France (all-age, both sex) for years 1990に2017. Colouration and symbols 

are as stated in caption for Figure 5. 

 
Figure 8: ST-GPR estimates for Brazil (all-age, both sex) for years 1990に2017. Colouration and symbols 

are as stated in caption for Figure 5. 

 
Figure 9: ST-GPR estimates for South Sudan (all-age, both sex) for years 1990に2017. Colouration and 

symbols are as stated in caption for Figure 5. 

122



Limitations 
As with any modelling process, a number of limitations are known, which will be the focus of additional 

effort in upcoming GBD cycles and engagement with collaborators. Given the focus on location-

representative estimates, the existing model is based upon national case counts. This excludes a large 

resource of published literature and grey literature focused on site-specific surveillance or surveys. 

While some pathogens have integrated subnational approaches as a building block for national 

estimates (eg, schistosomiasis), this is yet to be implemented for visceral leishmaniasis. Regardless of 

contribution to the global incidence model, these data can be used to inform age-sex splits, as well as a 

variety of other key parameters, particularly duration parameters, which are currently lacking 

uncertainty and support from a full literature review.  

TｴW ヴWﾏﾗ┗;ﾉ ﾗa デｴW さｴｷｪｴ WﾐSWﾏｷIｷデ┞ざ S;デ;ゲWt in the ST-GPR framework led to some sub-Saharan African 

nations having considerably higher burden estimates than prior cycles. For many nations, this is 

reflective of the sporadic reporting of cases in these countries (eg, in Angola and the Democratic 

Republic of Congo), and a consensus on pathogen presence is highly uncertain. It was important to 

remove this covariate, however, as it was a prior imposed on the model, a model designed to evaluate 

this status that leveraged the same data that were in the model itself. This high degree of dependence 

we aimed to eliminate. In the next cycle of GBD, there is a need to identify an independent resource to 

aid in quantifying the population-at-risk, which the high endemicity layer was designed to approximate, 

as well as engaging with self-identified pathogen-specific and country-specific collaborators to re-

evaluate the presence/protocol presence status assigned to these nations. 

Similarly, existing death data are limited in geographic distribution (due to primarily coming from 

countries with robust vital registration systems), and could lack in external validity when extrapolated to 

other nations. While region-level random effects help account for some of this (for instance, mitigating 

some of the higher case fatality rates in immunocompromised individuals in the high-income region in 

GBDぶが デｴｷゲ SﾗWゲﾐげデ Wﾉｷﾏｷﾐ;デW ;ﾉﾉ ヮﾗゲゲｷHﾉW Iﾗﾐaﾗ┌ﾐSｷﾐｪが ;ﾐS a┌ヴデｴWヴﾏﾗヴWが SﾗWゲ ﾐﾗデ ﾐWｪ;デW デｴW a;Iデ デｴ;デ 
most of the high-incidence countries do not report a full time series of deaths. Further cycles should 

explicitly consider the reported case fatality rates in the literature, many of which come from those VR 

data-poor regions. 

Age-sex patterns are highly reflective of the countries from which data are obtained. Importantly, there 

is a large skew in information coming from Brazil. This information has potential biases due to the 

nature of the data inputs (notification and hospital data) and the corresponding age-sex variation in 

health-seeking behaviours. Yet again, consulting some of the detailed household surveys that do exist 

will increase geographic coverage of these estimates, and provide an important independent 

comparator to determine whether these disparities are genuine, or an artefact of the reporting systems 

consulted in this current model. 
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Description of general methodology 

 

The non-fatal estimation process for cutaneous leishmaniasis is built from incident case notification data 

representative of the GBD geographic location, which are adjusted for underreporting. The upscaled all-

age, both sex, case counts are modelled using spatiotemporal Gaussian process regression (ST-GPR) in 

order to impute for missing location-year combinations as well as to account for further biases and 

inaccuracies in reporting. Datasets that disaggregate CL cases by age and sex are modelled using DisMod 

to produce a global age-sex split which is applied to the all-age, both-sex envelope estimates resulting 

from ST-GPR. These incidence estimates are used to derive prevalence measures, as well as compute the 

resulting years lived with disability values. 

 

Input Data に Case Notification time series 

Current estimation for the all-age, both-sex, incidence envelope is based upon location-representative 

information rather than site-specific epidemiological measures due to the absence of global foci maps 

allowing for upscaling of geographically precise information. The primary data resource therefore is the 

case notification time-series reported by National Control Programs and Ministries of Health to the World 

Health Organization. This is supplemented by systematic literature review (last updated for GBD 2015) to 

identify alternate sources of data for years missing information. For countries with subnational estimates, 

in-country collaborators have compiled information for respective programs, or identified key resources, 

again supplemented by literature reviews. Where possible, information disaggregating location-level 

statistics by age and sex were extracted 

 

 Incidence 

Site-years (total) 848 

Number of countries with data 56 

Number of GBD regions with data (out of 21 

regions) 

13 

Number of GBD super-regions with data (out of 7 

super-regions) 

7 
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Table 1: Summary statistics for data used in cutaneous leishmaniasis estimation. 

 

Method に Geographic restrictions 

There are strong climatic and biogeographic constraints on the geographic distribution of CL resulting in a 

focal, rather than cosmopolitan global distribution. As a result, it is necessary to identify locations 

burdened by the disease through space and time as distinct from countries where CL is absent. Tags were 

assigned to each location-year based upon the outcome of a search of IHME databases, as well as 

location-specific searches of PubMed. Each location-year is tagged as follows: 

- Present に where a specific citation of either an autochthonous laboratory-confirmed case (ie, a case 

with PCR, serological, or parasitological diagnosis), reported case (ie, a case noted as CL, but with no 

supporting diagnostic), or supporting evidence (ie, confirmed infection in animal reservoirs or sandfly 

vectors) 

- Protocol Present に for a given location-year, where no specific citation is used, but is present for 

another year in the same location, it is assumed that CL is present given that eradication of the 

pathogen has not been achieved 

- Absent に where PubMed location-specific searches returned zero relevant results, in locations 

scoring -25 or lower as evaluated by Pigott and colleagues ふヲヰヱヴぶ ぷデｴW デｴヴWゲｴﾗﾉS aﾗヴ さ;HゲWﾐIWざ ｷﾐ デｴ;デ 
study], locations were tagged as Absent 

- Protocol Absent に as with Absent, locations with zero relevant PubMed results, but with greater than 

-25 as evaluated by Pigott and colleagues (2014), were tagged as Protocol Absent 

 

 
Figure 1: Cutaneous Leishmaniasis geographic restrictions for the year 2010. GBD locations tagged as 

present are coloured in red, dark red represents protocol presence, dark blue represents protocol 

absence, and absence is represented by light blue. Locations missing tags are presented in grey. 
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Figure 2: Cutaneous Leishmaniasis geographic restrictions for Mexican subnationals. Locations tagged as 

present are coloured in red, dark red represents protocol presence, and dark blue represents protocol 

absence. 

 

Full time series of maps and tables, with relevant GHDx NIDs are available upon request from 

gbdsec@uw.edu. 

 

 

Method に -GPR 

Using existing IHME tools, the summarised values were modelled using ST-GPR to produce a complete 

time series of estimates for each location-┞W;ヴ デ;ｪｪWS さPヴWゲWﾐデざ ﾗヴ さPヴﾗデﾗIﾗﾉ PヴWゲWﾐデざく Iﾐ ゲｴﾗヴデが “T-GPR 

attempts to model non-linear trends utilizing a Gaussian process to fit a trend, rather than a definitive 
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functional form. Case count data were translated into estimates of true case counts by using 

underreporting scalars as identified by Alvar et al. (2012). 

 

Method に DisMod 

DisMod was used to generate an age-sex curve to disaggregate all-age, both-sex, incidence data. DisMod 

is an integrated meta-regression framework that allows for multiple datasets to be integrated into a 

singular analysis regardless of age-binning, sources, and geographies. As a consequence, a variety of 

differently aggregated information can be evaluated to generate a consensus output. From this model, 

the global fit was used. 

 

Method に YLD estimation (incorporating duration and disability weighting) / COMO 

Following standard GBD estimation protocols, incidence estimates were used to calculate disease 

prevalence (by multiplication with duration), disaggregated by disease sequelae. One health state is 

assigned to Cutaneous Leishmaniasis, [Table 2]. Duration value of initial acute infection was set to six 

months (Reithinger et al. 2007). Prevalence of long-term sequelae was based upon the proportion of 

cases that would result in facial scarring. The average proportion of sores that occurred on the face was 

calculated based upon a sample-weighted average of the proportion from four studies conducted in 

North Africa/Middle East. This proportion was 0.476. Of these people, only those who did not have 

appropriate access to health care were assigned long-term sequelae, estimated via the Healthcare Access 

and Quality Index. CL incidence, multiplied by proportion of people with facial sores, times the proportion 

of people without adequate health care access in each location-year, was used to obtain incidence of 

people with long-term sequelae, with cohorts streamed through time. 

 

Sequela Health state lay 

description 

Disability weight Duration 

Cutaneous and 

mucocutaneous 

leishmaniasis 

さｴ;ゲ ; ゲﾉｷｪｴデが ┗ｷゲｷHﾉW 
physical deformity that 

others notice, which 

causes some worry and 

discﾗﾏaﾗヴデざ 

0.011 

(0.005に0.021) 

6 months 

(46.7% * HAQ Index) 

Lifelong 

Table 2: Sequelae and associated metadata. For the sequelae used in GBD 2017, the lay descriptor health 

state, disability weight, and duration are listed. 

 

Central processing is used to generate the final estimates, including co-morbidity simulations. 

 

Changes from GBD  

There were no substantive changes from the GBD 2016 methodology 

 

Limitations 

As with any modelling process, a number of limitations are known, which will be the focus of additional 

effort in upcoming GBD cycles and engagement with collaborators. Given the focus on location-

representative estimates, the existing model is focused on national case counts. This excludes a large 

resource of published literature and grey literature focused on site-specific surveillance or surveys. While 

some pathogens have integrated subnational approaches as a building block for national estimates (eg, 

schistosomiasis) this has yet to be implemented for cutaneous leishmaniasis. Regardless of contribution 
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to the global incidence model, these data can be used to inform age-sex splits, as well as a variety of 

other key parameters, particularly duration parameters, which are currently lacking uncertainty. 
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Human African Trypanosomiasis (HAT)  
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African trypanosomiasis

 

 

Input Data & Methodological Summary 

 

Case Definition 

Human African trypanosomiasis (HAT), also known as sleeping sickness, is a vector-borne disease which is 

transmitted by the bite of the tsetse fly. It is caused by the parasite Trypanosoma brucei with two 

subspecies, namely T.b. rhodesience (makes up less than 5% of total HAT cases) and T.b. gambiense. 

Cases are diagnosed through laboratory methods which rest on finding the parasite in body fluid or tissue 

by microscopy. In highly endemic or epidemic areas where the likelihood of false positives in serological 

tests is deemed lower, a seropositive individual is considered affected even in the absence of 

parasitological confirmation. The ICD-10 codes for HAT are B56.0, B56.1 and B56.9. 

 

Input data 

Model inputs 

Data sources for GBD 2017: 

1) Annual case totals 1980に2016: National-level annual case totals from 1990に2016 were obtained 

from the publicly available data via WHO, available here:  

http://apps.who.int/gho/data/node.main.A1635?lang=en  

  

130

http://apps.who.int/gho/data/node.main.A1635?lang=en


 

Table of case data counts 

  Incidence 

Site-years (total) 611 

Number of countries with data 25 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 1 

 

 

Subnational data:  

Kenya: Kenyan subnational estimates are attributed to Busia County. Identification of 

subnational locations for Kenyan case data were obtained via studies published in the 

peer-reviewed literature1 and review of maps published from via the WHO HAT Atlas2: 

http://www.who.int/entity/trypanosomiasis_african/country/Kenya_whole_0014.jpg?ua

=1.  

 

 

2) Age/sex data: Data on the age and sex distribution of HAT cases were extracted from the peer-

reviewed literature via a systematic review of sources identified in PubMed using the following 

search string: 

 

((African trypanosomiasis[Title/Abstract] AND (incidence[Title/Abstract] OR 

burden[Title/Abstract] OR prevalence[Title/Abstract] OR community[Title/Abstract])) 

AND ふさヱΓΓヰざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱΑざぷD;デW に Publication])) 

This yielded 219 studies, of which only three met the inclusion criteria and were 

extracted3-5. The inclusion criteria were: 

1. Studies representative of the national population 

2. Population-based studies 

3. Studies with primary data on incidence 

4. Studies of human African trypanosomiasis (excluded studies on animal African 

trypanosomiasis) 

 

Table data counts for age/sex-specific prevalence and incidence 

  Incidence Prevalence 

Site-years (total) 2 1 

Number of countries with data 2 1 

Number of GBD regions with data (out of 21 regions) 2 1 

Number of GBD super-regions with data (out of 7 super-regions) 1 1 
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3) Population at risk estimates 1980に2015: population at risk estimates from GBD 2010 ArcGIS 

analysis using geocoded case notifications for 2000 to 20092 and population Count Grid estimates 

from Gridded Population of the World. 

 

Table of data counts for population at risk estimates 

 Other 

Site-years (total) 751 

Number of countries with data 24 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 1 

 

 

4) Screening coverage: Data on active versus passive screening coverage were obtained from a 

Weekly Epidemiological Report6 identifying the population screened from 1997 to 2004 at the 

national level.  

 

Table of data counts for screening coverage data 

  Other 

Site-years (total) 109 

Number of countries with data 29 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 1 

 

 

5) Geographic restrictions: Data file of all GBD locations, defining location as either endemic or non-

endemic for HAT. Estimates are not produced for non-endemic countries, nor are they generated 

for countries with a history of HAT transmission but no data reported by WHO from 1990 to 

2016.  

 

Modelling strategy 

 

Geographic restrictions 

For countries historically considered endemic for HAT, but which have no reported case data or estimate 

of the population at risk, estimates are not produced. These countries include Botswana, Ethiopia, 

Guinea-Bissau, and Rwanda.  

 

Among countries where population at-risk data are available, if no cases were reported to WHO, we 

assume the incidence of HAT is zero for those years and generate model estimates accordingly.  
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Modelling steps 

Non-fatal estimates for HAT were generated as follows: 

 

1. The incidence of reported HAT cases among the population at-risk was calculated as the total 

number of reported cases divided by the population at-risk estimates generated by the GBD 

working group for the period 1980に2015. Population at-risk estimates for 2016に2017 were 

generated by assuming an annual 2% rate of population growth.  

 

2. To estimate the number of cases that were likely undetected by country and year, a multi-level 

mixed-effects linear regression of log-transformed incidence rate (ratio of reported HAT cases to 

population at risk) on log-transformed screening coverage (ratio of number screened for HAT to 

population at risk), with country random effects, was performed. Gaps were then filled using 

interpolation between years and extrapolation from 2016 to 2017 for reported cases. This model 

generates a beta-coefficient which is used to estimate the case detection rate (see step 4). 

 

For country-years in which no screening coverage data were reported: 

 Among countries with data reported, 1997に2004, the proportion of the at-risk 

population screened from 1997 was used retrospectively for the period 1980に1996 and 

the screening coverage from 2004 was carried forward from 2005に2017. 

 For countries with no screening data reported, the mean screening coverage for the 

region was used to impute a value over time.  

 

3. Assuming the same proportion in treated (reported) and untreated (undetected) cases, the 

incidence estimates were then split into the two sequelae, skin disfigurement and sleeping 

disorder. This was done by generating 1,000 draws of the splitting proportion for the sequelae 

(70%に74% with sleeping disorder) based on a study that reported presence of symptoms at 

admission of patients in treatment centers7. Draws were generated from a beta distribution with 

alpha parameter = 1884 and beta parameter = 649. 

 

4. To compute prevalence of HAT, 1,000 draws of total duration of symptoms in untreated cases 

were generated from a normal distribution with mean = [ln(3) に 0.5 * sigma^2], and standard 

deviation = sigma, where sigma = [ln(4.39)-ln(1.92))/(invnormal(0.975)*2)]:  these parameters 

were based on a study of T.b. gambiense7 which estimated an average duration of three years to 

untreated cases. An estimated duration of six months was applied to cases that received 

treatment, based on findings from a paper about T.b. rhodesiense in Uganda8.  

 

5. Prevalence was then estimated from the incident cases before applying age pattern. Prevalence 

of treated and untreated cases were summed up, assuming that untreated cases have been 

prevalent up to their death for a certain duration9. For untreated cases, it was assumed that half 

the duration is spent with sleeping disorder (severe motor and cognitive impairment) and 

disfigurement7. Treated (ie, reported) cases are assumed to have been prevalent for 0.5 years, 

and for the fraction of treated cases that present with sleeping disorder, it was assumed that this 

is present for half the total duration and that the rest of the duration is spent suffering from 

disfiguring skin disease. Among reported cases assumed to be detected prior to stage 2 infection, 

we do not attribute any of the duration of morbidity to sleeping disorder.  
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6. Finally, an age-pattern was applied to the prevalence estimates using the incidence studies from 

Sudan5, DRC3, and Uganda4. The age-pattern in GBD 2017 employed a cubic spline to account for 

the higher risk of infection among working-age adults.   

 

Severity splits/sequelae 

The basis of the GBD disability weight (DW) survey assessments are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. The lay descriptions and disability weights for 

HAT sequelae due to HAT are shown below. 

Sequela Lay description DW (95% CI) 

Skin 

disfigurement, 

level 1   

has a slight, visible physical deformity that is sometimes 

sore or itchy. Others notice the deformity, which causes 

some worry and discomfort. 

0.027 

(0.015に0.042) 

Motor plus 

cognitive 

impairments, 

severe 

cannot move around without help, and cannot lift or hold 

objects, get dressed or sit upright. The person also has 

very low intelligence, speaks few words, and needs 

constant supervision and help with all daily activities 

0.542 (0.37に0.702) 
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Schistosomiasis 

 

Flowchart 

 

Case definition 

“Iｴｷゲデﾗゲﾗﾏｷ;ゲｷゲが ;ﾉゲﾗ ﾆﾐﾗ┘ﾐ ;ゲ Hｷﾉｴ;ヴ┣ｷ; ﾗヴ さゲﾐ;ｷﾉ aW┗Wヴ,ざ ｷゲ ; ｴWlminth disease caused by infection with 

five species of the parasite Schistosoma, namely, S mansoni, S japonicum, S haematobium, S mekongi, 

and S intercalatuma. It is considered a neglected tropical disease (NTD). The first three species cause the 

most infection and the last two rarely cause disease. Diagnosis is made by microscopic exam of stool or 

urine for parasite eggs. For less advanced infections, serologic techniques are used. The ICD-10 codes for 

schistosomiasis are B65-B65.9. 

 

Input data 

 Model inputs 

To model non-fatal outcomes due to schistosomiasis, we conducted a systematic literature review, 

extracting prevalence data from 1980 to 2016 for the five species of schistosomiasis listed above. The 

search string used in the systematic review is (schistosom*[Title/Abstract] OR bilharzia*[Title/Abstract] 

OR "snail fever"[Title/Abstract]) AND ("1990"[Date - Publication] : "3000"[Date - Publication]) AND 

(epidemiolog* OR inciden* OR prevalen* OR seroprevalen*) NOT (animals[mesh] NOT humans[mesh]). 

Additionally, we used data compiled by the Global Atlas of Helminth Infections (GAHI), which includes 

grey literature and unpublished data.    

 Mass drug administration data 

Mass drug administration data were extracted from the WHO PCT Databank [1].  

 Severity splits/sequelae 

The table below shows the list of clinical sequelae (including mild, moderate, and severe anaemia) due 

to schistosomiasis, their lay descriptions, and the associated disease stages and disability weights. Using 

literature [1], a list of eight possible clinical sequelae and anaemia sequelae were defined (mild 

infection, mild diarrhoea, haematemesis (vomiting blood), hepatomegaly, ascites (buildup of fluid in the 
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peritoneal cavity), dysuria (painful urination), bladder pathology, hydronephrosis (swelling of kidney due 

to buildup of urine in the kidney), mild anaemia, moderate anaemia, and severe anaemia).  

Table 2. Clinical sequela, lay descriptions, disease stages, and DWs 

Clinical sequela Lay description Disease 

stage 

Disability weights 

(DWs) 

Mild infection has a low fever and mild discomfort , but no 

difficulty with daily activities 

1 0.006 (0.002に
0.012) 

Mild diarrhoea  1 0.056 

Hepatomegaly has some pain in the belly that causes nausea but 

does not interfere with daily activities 

2 0.011 (0.005に
0.021) 

Dysuria has some pain in the belly that causes nausea but 

does not interfere with daily activities 

2 0.011 (0.005に
0.021) 

Hydronephrosis has some pain in the belly that causes nausea but 

does not interfere with daily activities 

2 0.011 (0.005に
0.021) 

Haematemesis vomits blood and feels nauseated 3 0.325 (0.209に
0.463) 

Ascites has pain in the belly and feels nauseated. The 

person has difficulties with daily activities 

3 0.114 (0.078に
0.159) 

Bladder pathology has some pain in the belly that causes nausea but 

does not interfere with daily activities 

3 0.011 (0.005に
0.021) 

Mild anaemia feels slightly tired and weak at times, but this 

does not interfere with normal daily activities 

NA 0.004 (0.001に
0.008) 

Moderate 

anaemia 

feels moderate fatigue, weakness, and shortness 

of breath after exercise, making daily activities 

more difficult 

NA 0.052 (0.034に
0.076) 

Severe anaemia feels very weak, tired, and short of breath, and 

has problems with activities that require physical 

effort or deep concentration 

NA 0.149 (0.101に
0.210) 

 

Modelling strategy 

The morbidity model for schistosomiasis involved a multi-step process. First, we ran a single-parameter 

prevalence model in DisMod-MR 2.1 using the prevalence data extracted in the systematic review and 

from the GAHI database. We make the assumption that all of our data are measured within a population 

at risk に therefore, the estimates from the DisMod model represent prevalence estimates among the 

population at risk for schistosomiasis. Additionally, we included the MDA treatment data from WHO as a 

country-level covariate in the DisMod model. Second, we ran three separate ecological niche maps for 

the three major species of schistosomiasis (S mansoni, S haematobium, and S japonicum) using a 

boosted regression tree and all geolocated data that were extracted from both the literature review and 

the GAHI database. The output was 1,000 maps (representing 1,000 draws) for each of the three species 

representing the suitability for schistosomiasis to exist in each 5x5 km square. Then, we extracted 

population at risk by optimising the area under the curve for each of the 1,000 maps for each of the 

three species, overlaid the three species maps over one another, and extracted 1,000 draws of 

proportion of the population at risk for schistosomiasis at the GBD location level.  
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The BRT was overestimating in Brazil and China. In Brazil, we masked out urban areas from the 

population at risk rasters, and in China we used year-specific masks based off of published literature on 

county-specific elimination of schistosomiasis, allowing the geographic restrictions to be implemented 

at a more detailed level where information is available (5). 

We then scaled the prevalence estimates to the population at risk estimates from the ecological niche 

map to get age/sex/location/year all-schistosomiasis prevalence envelopes. 4) We ran a generalised 

linear model to get species-specific proportional prevalence on data from literature that reported both 

S. haematobium and S. mansoni infection, and 5) literature-informed parameters (a, b, c) for translating 

infection (x) to morbidity (y): y = (a + bx^c)/(1 + bx^c) に a [2-4]. We used the species-specific conversion 

factors calculated in step (4) to split the all-schistosomiasis envelope into species-specific 

schistosomiasis. We then used the parameters determined in step (5) to translate infection into 

morbidity to get age/sex/year/location-specific prevalence of sequelae. The burden of anaemia due to 

schistosomiasis was estimated (see anaemia documentation for details). 

Model evaluation was done by separately assessing the fit of the single-parameter DisMod models and 

checking the final estimates produced after age-sex splits. Plots of time trends of prevalence across 

locations and age were used to evaluate the results. In addition, maps of the global distribution of total 

schistosomiasis prevalence and prevalence of sequelae due to schistosomiasis were also assessed across 

time. 

Changes from GBD 2016 to GBD 2017 

The boosted-regression tree environmental suitability maps were further developed in 2017 and were 

selected based off of improved area under the curve (AUC) statistics. The urban mask for Brazil was also 

newly implemented this year. 
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Cysticercosis 
 

Flowchart 

 

 

Input Data & Methodological Summary 

 

Case Definition 

Cysticercosis, or neurocysticercosis (NCC), is a parasitic disease caused by the pig tapeworm Taenia 

solium. It is transmitted via ingestion of eggs or gravid proglottids shed by a human or non-human host 

with an intestinal infection of the same helminth known as Taeniasis. In rare cases, auto-infection is also 

possible among people with intestinal infections. Diagnosis is made by magnetic resonance imaging 

(MRI) or computerized tomography (CT) brain scans to identify cysts. The ICD-10 codes for cysticercosis 

are B69-B69.9. 

 

Input data 

Systematic literature review 

The nonfatal estimation for cysticercosis focused on estimating prevalence of NCC among epileptics at 

risk as well as the prevalence of NCC with epilepsy. A systematic review of literature was conducted in 

PubMed for GBD 2015 using the following search string:  
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("cysticercosis"[Title/Abstract] OR "neurocysticercosis"[Title/Abstract] OR 

ゎI┞ゲデｷIWヴIｷ;ゲｷゲゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎT;Wﾐｷ; ゲﾗﾉｷ┌ﾏゎぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさヱΓΓヰざぷD;デW に 

P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱヵざぷD;デW に Publication]) AND (epidemiology OR prevalence)).  

This yielded 1,038 studies, of which 166 were included during the title/abstract screening. Following the 

full-text screening, 17 studies were included and extracted に studies were excluded because of one or 

more of the following reasons: 

1. study not in epileptics 

2. study not population-based 

3. study does not have primary data on prevalence of NCC among epileptics at risk 

4. study not in humans (some studies were on cysticercosis in pigs) 

5. study on comorbidities with NCC (other than epilepsy) 

6. study on sub-population, eg, patients with neurological disorders 

7. review study 

 

The table below displays the number of site-years by geography: 

Table 1. Site-years for GBD 2017 

  Prevalence 

Site-years (total) 31 

Number of countries with data 14 

Number of GBD regions with data (out of 21 regions) 8 

Number of GBD super-regions with data (out of 7 super-regions) 4 

 

A study-level covariate was also created in GBD 2015 to indicate the type of diagnosis for each study, ie, 

definitive or probable. Of the 77 rows of country-year-age-sex data, there were 15 rows with definitive 

diagnosis and 62 rows with probable diagnosis. 

Covariates 

Data were ascertained from the PEW Research Center [1] on the proportion of the population that is 

Muslim and incorporated as a continuous covariate with a range between 0 and 1. 

Epilepsy envelope 

The modelling process incorporates 1,000 draws of epilepsy envelope prevalence from the GBD 2017 

epilepsy DisMod-MR model に details on this modelling process can be found elsewhere. 

Geographic restrictions 

We conducted a literature review to determine the geographic extent of the disease and classify 

locations based on whether the disease is absent or present in each year. Locations that were 

geographically restricted in any given year did not have estimates made for them. Of note, we did not 

attempt a complete systematic review, since a single high-quality source could offer sufficient evidence 

of presence. Evidence of absence or presence was not available for every location for each year, and so 
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assumptions were made for missing years by taking into consideration the epidemiological 

characteristics of the disease.  

If evidence indicated disease presence for two non-consecutive years, we assumed presence for all 

years between the two. If evidence indicated disease absence for two non-consecutive years, we 

assumed absence for all years between the two. If evidence indicated a change in status (ie, from absent 

to present, or present to absent) between two non-consecutive years, then we conducted targeted 

searches to ascertain the relevant year of introduction or elimination for that location. In the cases 

where presence or absence information was missing for the start or end years of our study interval 

(1990に2017) without evidence of any introduction or elimination events within the interval, we applied 

the status of the first and last presence/absence observations, respectively, to all years between the 

interval bound and the observation year. For cysticercosis, we performed targeted searches to classify 

location-years in PubMed and Google Scholar. In our searches, we compiled 21 peer-reviewed articles, 

meta-analyses, and WHO reports. 

Modelling strategy 

DisMod-MR was used to model the prevalence of NCC among epileptics at risk. In the model, pigs raised 

in extensive agricultural systems per capita, SDI, and religion (binary, >50% Muslim) were used as 

country-ﾉW┗Wﾉ Iﾗ┗;ヴｷ;デWゲく Iﾐ ;SSｷデｷﾗﾐが デｴW ヮヴW┗;ﾉWﾐIW ﾗa さSWaｷﾐｷデｷ┗W Sｷ;ｪﾐﾗゲｷゲざ ┘;ゲ transformed to that of 

さヮヴﾗH;HﾉW ;ﾐS SWaｷﾐｷデｷ┗W Sｷ;ｪﾐﾗゲｷゲざ ゲﾗ ;ゲ デﾗ ﾐﾗデ ┌ﾐSWヴWゲデｷﾏ;デW ﾗ┗Wヴ;ﾉﾉ ヮヴW┗;ﾉWﾐIWく 

Table 2. DisMod model covariates 

Covariate Type Parameter Exponentiated beta 

Sex Study-level Prevalence  0.76 (0.31に1.73) 

Definitive diagnosis Study-level Prevalence 0.56 (0.37に0.87) 

Religion (binary, > 50% Muslim) Country-level Prevalence 0.48 (0.17に0.98) 

Socio-demographic Index Country-level Prevalence 0.35 (0.14に0.95)  

Pigs raised in extensive 

agricultural systems per capita  

Country-level Prevalence 2.31 (1.02に6.79) 

 

After running DisMod, we adjusted the fraction of people with epilepsy attributable to cysticercosis in 

endemic countries for the population at risk based on the proportion of the population without access 

to sanitation and the proportion of the population that is Muslim. The following is the computation for 

estimating NCC prevalence among epileptics at risk: 鶏堅結懸欠健結券潔結朝寵寵 椎追勅塚銚鎮勅津頂勅 噺 鶏堅結懸欠健結券潔結勅椎沈鎮勅椎鎚槻 茅 軽警 伐 軽軽警 伐 な  

Where prevalence = prevalence of all-cause epilepsy in total population, N = proportion of NCC among 

epileptics at risk (non-Muslims without access to sanitation), and M = proportion of population not at 

risk of contracting NCC. It was assumed that the prevalence of epilepsy due to causes other than NCC is 

the same regardless of whether a population is at risk or not. It was also assumed that Muslims and non-
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Muslims have equal access to sanitation. Geographic restrictions were applied to set prevalence to zero 

in non-endemic locations. 

Model evaluation was done by separately assessing the fit of the DisMod-MR model and checking the 

estimates produced after estimating prevalence of NCC with epilepsy. Plots of time trends of prevalence 

across locations and age were used to evaluate the results. In addition, maps of the global distribution of 

prevalence of NCC among epileptics at risk and prevalence of NCC with epilepsy were also assessed 

across time. 

Several changes were made compared to the GBD 2016 modelling strategy. First, we made slight 

changes to model parameters in DisMod-MR to improve model fit. Second, we incorporated two new 

covariates (ie, pigs raised in extensive agricultural systems per capita, SDI) to better inform the model. 

Lastly, we updated geographic restrictions and updated proportion of population with Muslim data by 

imputing subnational locations with national proportions due to a lack of data at the subnational level. 

References: 

1. さTable: Muslim Population by Country Pew Research Center, Washington, D.C.ざ (July 7, 2017). 

http://www.pewforum.org/2011/01/27/table-muslim-population-by-country/ 
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Cystic Echinococcosis 

 

Flowchart 

 

Input Data & Methodological Summary 

Case definition 

Cystic echinococcosis is a parasitic disease caused by infection with the Echinococcus granulosis 

tapeworm. It is a natural parasite of canines, with sheep being the most common intermediate host in 

the two-stage lifecycle, but can be spread to humans through ingestion of soil, water, or food 

contaminated with the fecal matter of an infected dog containing infective eggs. Diagnosis is made by 

clinical findings, imaging, serology, and tissue pathology. The ICD-9 and ICD-10 codes for echinococcosis 

are 122.0-122.9 and B67-B67.9, respectively. 

Input data 

Systematic Literature Review 

The non-fatal estimation for cystic echinococcosis (CE) focused on estimating incidence and prevalence 

of CE and its sequelae. A systematic review of literature was conducted in PubMed for GBD 2015 using 

the following search string:  

("echinococcosis"[Title/Abstract] OR "hydatid disease"[Title/Abstract] OR 

"hydatidosis"[Title/Abstract] OR "echinococcal disease"[Title/Abstract] OR "Echinococcus 

ｪヴ;ﾐ┌ﾉﾗゲ┌ゲ ｷﾐaWIデｷﾗﾐゎぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさヱΓΓヰざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱヵざぷD;デW に 

Publication]) AND (epidemiology OR incidence OR prevalence).  

This yielded 1,619 studies of which 279 were included during the title/abstract screening. Following the 

full-text screening, 77 studies (32 incidence, 43 prevalence, and 2 both) were included and extracted に 

studies were excluded because of one or more of the following reasons: 

1. study not population-based 

2. study does not have primary data on prevalence and/or incidence 

3. study not in humans 

4. study on sub-populations 
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5. review study 

 

Since we were interested in modelling symptomatic CE cases, we only used data on incidence of patients 

diagnosed by imaging techniques (mainly ultrasonography). Therefore, we excluded prevalence data, 

which were mostly from serological studies. Data from these extracted studies were combined with data 

from studies extracted during GBD 2013.  

Hospital data 

Hospital data prepared by the GBD team were used as additional input into our models. These data 

were adjusted to account for multiple hospital episodes of a single case and non-primary diagnoses. The 

table below displays the site-years by geography for both the systematic review and hospital data 

combined. 

Table 1a Site-years from systematic review and hospital data for GBD 2017 

  Incidence 

Site-years (total) 1,338 

Number of countries with data 49 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Geographic restrictions 

We conducted a literature review to determine the geographic extent of the disease and classify 

locations based on whether the disease is absent or present in each year. Locations that were 

geographically restricted in any given year did not have estimates made. Of note, we did not attempt a 

complete systematic review, since a single high-quality source could offer sufficient evidence of 

presence. Evidence of absence or presence was not available for every location for each year, and so 

assumptions were made for missing years by taking into consideration the epidemiological 

characteristics of the disease.   

If evidence indicated disease presence for two non-consecutive years, we assumed presence for all 

years between the two. If evidence indicated disease absence for two non-consecutive years, we 

assumed absence for all years between the two. If evidence indicated a change in status (ie, from absent 

to present, or present to absent) between two non-consecutive years, then we conducted targeted 

searches to ascertain the relevant year of introduction or elimination for that location. In the cases 

where presence or absence information was missing for the start or end years of our study interval 

(1990に2017) without evidence of any introduction or elimination events within the interval, we applied 

the status of the first and last presence/absence observations respectively to all years between the 

interval bound and the observation year. For cystic echinococcosis, we performed targeted searches to 

classify location-years in PubMed and Google Scholar. Geographic restrictions were populated by 

reviewing sources referenced by Deplazes and colleagues along with ad hoc searches in PubMed for 

evidence of active transmission of cystic echinococcosis in respective countries [1]. 
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Sequelae due to cystic echinococcosis 

The table below shows the sequelae due to echinococcosis and their associated disability weights. 

Table 2. Sequelae, lay description  and disability weights (DWs) 

Sequela Lay description DW (95% CI) 

Chronic respiratory disease さhas cough and shortness of breath after heavy 

physical activity, but is able to walk long 

distances and climb stairs.ざ 

0.019 (0.011に0.033) 

Abdominal problems さhas pain in the belly and feels nauseated. The 

person has difficulties with daily activities.ざ 

0.114 (0.078に0.159) 

Epilepsy (Combined DW) NA 

 

Modelling strategy 

The morbidity model for cystic echinococcosis involved a multi-step process. First, DisMod-MR was used 

to model incidence and prevalence of symptomatic cystic echinococcosis using incidence data from 

systematic reviews in GBD 2013 and 2015 and hospital data, excess mortality rate estimates, and an 

assumed remission of 0.15に0.25 per case per year (duration 2に6.7 years, average 5 years). Estimates of 

excess mortality rate were obtained by pulling death estimates from our CoD model. The following steps 

were followed to estimate excess mortality rate: 1) create custom age groups for CE deaths with 

uncertainty; 2) calculate CSMR as CSMR=deaths/population at the 1,000 draw level に calculate mean 

CSMR, uncertainty interval, and standard error; and 3) calculate EMR as EMR=CSMR/(prevalence), 

where prevalence = (incidence*5) に standard error of EMR was calculated taking into consideration the 

standard errors of both prevalence and CSMR. Geographic restrictions were applied to set incidence and 

prevalence to zero in location-years where the disease was not endemic. These computations provided 

655 site-years of EMR data. 

Table 3. DisMod model covariates 

Covariate Type Parameter Exponentiated beta 

Sex Study-level Incidence 0.66 (0.63に0.70) 

Urbanicity Country-level Incidence 1.00 (0.98に1.00) 

Echinococcosis endemicity Country-level Incidence 6.03 (5.75に6.37) 

Proportion of population involved 

in agricultural activities 

Country-level Incidence 1.00 (1.00に1.00)  

Sex Study-level Excess mortality rate 1.63 (1.56に1.70) 

 

After producing all-case prevalence draws, 1,000 draws of proportions for abdominal, respiratory, and 

epileptic symptoms among echinococcosis cases adding up to 1 were generated. Uncertainty in the 

splitting proportions was captured by drawing them from a Dirichlet distribution, informed by published 

data on cysts localization [2]. On average, the proportions of abdominal, respiratory, and epileptic 
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symptoms due to echinococcosis were 0.5, 0.47, and 0.03, respectively. These proportions were used to 

split the prevalence and incidence from DisMod into the three sequelae. 

Model evaluation was done by separately assessing the fit of the DisMod MR model and checking the 

estimates produced after estimating incidence and prevalence of sequelae due to cystic echinococcosis. 

Plots of time trends of incidence and prevalence across locations and age were used to evaluate the 

results. In addition, maps of the global distribution of incidence and prevalence were assessed across 

time. 

 

References 

1. Deplazes P, Rinaldi L, Alvarez Rojas CA, Torgerson PR, Harandi MF, Romig T, Antolova D, Schrurer 

JM, Lahmar S, Cringoli G, Magambo J, Thompson RC, Jenkins EJ. Global Distribution of Alveolar 

and Cystic Echinococcosis. Advanced Parasitology. 2017. 95: 315-493. 

2. Raether W, Hänel H. Epidemiology, clinical manifestations and diagnosis of zoonotic cestode 

infections: an update. Parasitology Research. 2003. 91:412-438. 
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Lymphatic Filariasis 

 

Input Data and Methodological Summary  

Case Definition  

Lymphatic filariasis (LF) is a neglected tropical disease in which threadlike nematodes invade the 

lymphatic system. The worms responsible に Wuchereria bancrofti, Brugia malayi, and Brugia timori に 

are spread from human to human via mosquitoes. The most prominent clinical manifestations of LF are 

lymphoedema (a swelling of the legs, also known in its more extreme manifestation as elephantiasis) 

and hydrocele (a collection of fluid in the sac around the testicles).  

Input data  

A systematic review of literature for GBD 2016 in the PubMed database was done on October 14, 2016, 

for prevalence and incidence data using the search (Lymphatic filariasis AND prevalence) OR (Lymphatic 

filariasis AND (prevalence OR incidence OR "mass drug administration" OR MDA OR coverage)) OR 

(Lymphedema, hydrocele) OR (Transmission Assessment Survey (TAS)) OR (Lymphatic filariasis AND 

mapping).  

 

Population at risk and MDA coverage data come from the WHO PCT Databank [1]. 

 

Modelling strategy  

Data on prevalence of microfilaria is modelled using Dismod-MR 2.1. Due to the focal nature of 

lymphatic filariasis, we make the assumption that data collected are from endemic locations unless 

specified in literature or survey methods. If the data are nationally representative, we adjust the data 

points by multiplying by the inverse of the proportion of the population at risk. Due to the fact that 

data are collected in endemic locations or we adjust them so that they are within the population at risk, 
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we then scaled the DisMod-MR 2.1 estimates according to at-risk population in order to attain 

nationally representative values. We developed a new MDA location-level covariate that is used in the 

DisMod model based off WHO PCT Databank data, informing prevalence estimates.   

For lymphoedema and hydrocele, we incorporate survey data from the Global LF Atlas in a non-linear 

error-in-variables regression that determines the prevalence of lymphoedema and hydrocele as 

functions of microfilaria prevalence, which is then applied to the total microfilaria DisMod model in 

order to attain an envelope of cases by location-year. Separately, all available prevalence data for these 

conditions are modelled in DisMod in order to determine an age-sex pattern.  

In the estimation of lymphoedema and hydrocele prevalence, we perform the same population at-risk 

correction that is done on microfilaria prevalence. For hydrocele prevalence after treatment, we take 

the value before MDA rollout in 2000 and reduce that by the same treatment efficacy function 

described for microfilaria prevalence, using dosage-reduction data specific to hydrocele along with the 

location-year-specific MDA coverage. For lymphoedema, we assume no new cases appear among 

treated individuals. As such, we reduce lymphoedema prevalence in post-treatment years in 

accordance with MDA coverage.  

Sequela  Data points  Regions   Countries   Subnational units  

Prevalence of detectable 

microfilaria  1,552  
 

10  
 

40  28  

Lymphoedema due to 

lymphatic filariasis  511  
 

10  
 

25  15  

Hydrocele due to lymphatic  

filariasis  265  
 

8  
 

22  12  

  

Changes from GBD 2016 to GBD 2017 

We conducted a new literature review, and utilised data from recent years and the MDA covariate to 

ヮヴWSｷIデ デｴW デｷﾏW デヴWﾐS ヴ;デｴWヴ デｴ;ﾐ ﾉ;ゲデ ┞W;ヴげゲ ﾐﾗﾐ-linear regression to estimate the reduction of 

microfilaria as a function of treatments per person. Additionally, we used age-specific data extracted 

from communities that were pre-MDA and post-MDA to develop age-trends specific to MDA status. We 

then split out all-age data according to MDA status to provide more granular data to the unadjusted 

prevalence model. 
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Onchocerciasis 

Flowchart 
 

 

 

Input data methodological summary 

Case definition 

Onchocerciasis, also known as river blindness, is a parasitic disease caused by Onchocerca volvulus. It is 

transmitted via the bite of one of several species of Similium blackflies that have historically bred in fast-

moving freshwater rivers and tributaries throughout sub-Saharan Africa, Central America, and South 

America. Diagnosis can be made by skin snip biopsy to identify larvae, surgical removal of nodules and 

exam for adult worms, slit lamp exam of anterior part of the eye where larvae or lesions caused by them 

are visible, and antibody tests (mostly useful to visitors to areas with parasites). The ICD-10 code for 

onchocerciasis is B73. 

Input data 

Model inputs 

Prevalence data prepared by the GBD 2010 expert group (EG) was used for modelling the nonfatal 

outcomes resulting from onchocerciasis in Africa. This included 1,000 draws of infection and morbidity 

(visual impairment, blindness, and skin conditions) cases with confidence intervals categorised by 
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country, age, and sex for years 1990, 1995, 2000, 2005, and 2010. Details about the materials and 

methods used by the EG to generate these draws can be found elsewhere [1-5]. These data represented 

all African countries included in the African Programme for Onchocerciasis Control (APOC) and the 

Onchocerciasis Control Programme (OCP) for which initial Rapid Epidemiological Mapping of 

Onchocerciasis (REMO) assessments demonstrated a need for Community-Directed Treatment with 

Ivermectin (CDTI) (defined as having a prevalence of skin nodules greater than 20%). Four countries に 

Rwanda, Mozambique, Kenya, and Gabon に were designated as hypo-endemic countries after initial 

REMO assessments and not included due to sparsity of cases and paucity of data. Estimates for Sudan 

from GBD 2010 were reassigned to South Sudan in GBD 2013 after its independence in 2011 since REMO 

assessments indicated that the vast majority of cases occurred in that area of the former Sudan. The 

tables below show the countries included in each program and the number of corresponding GBD 

locations they represent.  

 APOC Countries OCP Countries 

Countries included Angola, Burundi, Cameroon, 

Central African Republic, Chad, 

Congo, Democratic Republic of 

Congo, Ethiopia, Equatorial Guinea, 

Liberia, Malawi, Nigeria, South 

Sudan, Tanzania, and Uganda 

Benin, Burkina Faso, Côte d'Ivoire, 

Ghana, Guinea Bissau, Guinea, Mali, 

Niger, Senegal, Sierra Leone, and 

Togo 

Hypo-endemic countries 

not included 

Rwanda, Mozambique, Kenya, 

Gabon, Sudan 

 

GBD countries & 

subnationals provided 

by EG 

15 11 

GBD world regions 3 1 

 

Prevalence data for modelling non-fatal outcomes resulting from onchocerciasis in the Americas was 

extracted via a systematic literature review. Web of Science, Scopus, and PubMed were searched with 

the following search strings: 

Database Search string Yield 

PubMed (oncho*[Title/Abstract] OR "river blindness"[Title/Abstract] OR "O. 

volvulus"[Title/Abstract] OR "robles disease"[Title/Abstract] OR "blinding 

aｷﾉ;ヴｷ;ゲｷゲゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎIﾗ;ゲデ Wヴ┞ゲｷヮWﾉ;ゲゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さゲﾗ┘S;ざ ぷTｷデﾉWっAHゲデヴ;Iデへ 
O‘ さﾐﾗSSｷﾐｪ ゲ┞ﾐSヴﾗﾏWざぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさヱΓΒヰざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱヶざぷD;デW に 

Publication]) AND (epidemiology[Title/Abstract] OR prevalence[Title/Abstract] OR 

ｷﾐIｷSWﾐIWぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゲ┌ヴ┗Wｷﾉﾉ;ﾐIWぷTｷデﾉWっAHゲデヴ;Iデへ O‘ざMDAざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さM;ゲゲ Dヴ┌ｪ ASﾏｷﾐｷゲデヴ;デｷﾗﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCﾗﾏﾏ┌ﾐｷデ┞-directed treatment with 

ｷ┗WヴﾏWIデｷﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCDTIざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さﾏ;ゲゲ デヴW;デﾏWﾐデざぷTｷデﾉWっAHゲデヴ;Iデへ 
O‘ さﾏ┌ﾉデｷヮﾉW ｷ┗WヴﾏWIデｷﾐ デヴW;デﾏWﾐデゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さﾏﾗﾐデｴﾉ┞ SﾗゲWゲ ﾗa 
ｷ┗WヴﾏWIデｷﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さﾉ;ヴｪW ゲI;ﾉW デヴW;デﾏWﾐデざぷTｷtle/Abstract] OR 

‘EMOぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ‘;ヮｷS WヮｷSWﾏｷﾗﾉﾗｪｷI;ﾉ ﾏ;ヮヮｷﾐｪ ﾗa 
ﾗﾐIｴﾗIWヴIｷ;ゲｷゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ APOCぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAaヴｷI;ﾐ Pヴﾗｪヴ;ﾏﾏW aﾗヴ 
OﾐIｴﾗIWヴIｷ;ゲｷゲ CﾗﾐデヴﾗﾉざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ OCPぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さOﾐIｴﾗIWヴIｷ;ゲｷゲ Cﾗﾐデヴﾗﾉ 
ProgrammeざぷTｷデﾉWっAHゲデヴ;Iデへぶ NOTふAﾐｷﾏ;ﾉゲぷMW“Hへ NOT H┌ﾏ;ﾐゲぷMW“Hへぶ 

986 

Web of 

Science 

TS=(oncho* OR "river blindness" OR "O. volvulus" OR "robles disease" OR "blinding 

aｷﾉ;ヴｷ;ゲｷゲゎ O‘ ゎIﾗ;ゲデ Wヴ┞ゲｷヮWﾉ;ゲゎ O‘ ゲﾗ┘S; O‘ さﾐﾗSSｷﾐｪ ゲ┞ﾐSヴﾗﾏWざぶ AND T“ЭふWヮｷSWﾏｷﾗﾉﾗｪ┞ 
1,144 

150



OR prevalencW  O‘ ｷﾐIｷSWﾐIW  O‘ ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW O‘ MDA O‘ さM;ゲゲ Dヴ┌ｪ ASﾏｷﾐｷゲデヴ;デｷﾗﾐざ O‘ 
さCﾗﾏﾏ┌ﾐｷデ┞-SｷヴWIデWS デヴW;デﾏWﾐデ ┘ｷデｴ ｷ┗WヴﾏWIデｷﾐざ O‘ CDTI O‘ さﾏ;ゲゲ デヴW;デﾏWﾐデざ O‘ 
さﾏ┌ﾉデｷヮﾉW ｷ┗WヴﾏWIデｷﾐ デヴW;デﾏWﾐデゲざ O‘ さﾏﾗﾐデｴﾉ┞ SﾗゲWゲ ﾗa ｷ┗WヴﾏWIデｷﾐざ O‘ さﾉ;ヴｪW ゲI;ﾉW 
デヴW;デﾏWﾐデざ O‘ ‘EMO O‘ さ‘;ヮｷS WヮｷSWﾏｷﾗﾉﾗｪｷI;ﾉ ﾏ;ヮヮｷﾐｪ ﾗa ﾗﾐIｴﾗIWヴIｷ;ゲｷゲざ O‘ APOC O‘ 
さAaヴｷI;ﾐ Pヴﾗｪヴ;ﾏﾏW aﾗヴ OﾐIｴﾗIWヴIｷ;ゲｷゲ Cﾗﾐデヴﾗﾉざ O‘ OCP O‘ さOﾐIｴﾗIWヴIｷ;ゲｷゲ Cﾗﾐデヴﾗﾉ 
Pヴﾗｪヴ;ﾏﾏWざぶ NOT T“ЭふふAﾐｷﾏ;ﾉゲ NOT H┌ﾏ;ﾐゲぶぶ 

SCOPUS (TITLE-ABS-KEY(oncho* OR "river blindness" OR "O. volvulus" OR "robles disease" OR 

"blinding filariasis" OR "coast erysipelas")) AND TITLE-ABS-KEY(epidemiology OR 

prevalence OR incidence OR surveillance OR MDA OR "Mass Drug Administration" OR 

"Community-directed treatment with ivermectin" OR CDTI OR "mass treatment" OR 

"multiple ivermectin treatments" OR "monthly doses of ivermectin" OR "large scale 

treatment" OR REMO OR "Rapid epidemiological mapping of onchocerciasis" OR APOC OR 

"African Programme for Onchocerciasis Control" OR OCP OR "Onchocerciasis Control 

Programme") AND NOT KEY(Animals NOT Humans) AND PUBYEAR > 1979 

2,000 

 

This yielded 4,130 results in total, which was reduced to 2,502 after removing duplicates. The title and 

abstracts were screened for inclusion or exclusion with the following criteria: 

Exclusion criteria: 

 Pre-1980 

 Non-original source 

 Non-representative population 

o Vulnerable populations (eg, slum-dwellers, prisoners, orphans, high-risk jobs, etc.) 

o Hospital-based samples (including saved stool samples) 

o Non-native peoples (eg, migrants, expats, nomads, etc.) 

o Immunosuppression/illness (eg, HIV, TB, CA, RA, asthma, malaria, handicap, etc.) 

 Non-human population 

 Does not meet case definition 

 Case-control study 

 

Sixty-one articles were identified for full text screening and extraction from the historically endemic 

American countries: Guatemala, Brazil, Ecuador, Venezuela, Mexico, and Colombia. 

Severity splits/sequelae 

The table below shows the list of common clinical manifestations of onchocerciasis and the sequelae to 

which they have been mapped along with the lay description and the associated disability weight (DW) 

of each sequela. 

Clinical manifestation Sequela name Lay description DW 

Uveitis; Punctate 

keratitis; Optic neuritis; 

Torpid Iritis; 

Onchochorioretinitis 

Moderate vision 

impairment 

さhas vision problems that make it difficult to 

recognize faces or objects across a roomざ 

0.031 

(0.019に
0.049) 

Sclerosing keratitis; 

Optic neuropathy; 

Optic atrophy; 

Severe vision 

impairment 

さhas severe vision loss, which causes 

difficulty in daily activities, some emotional 

impact (for example worry), and some 

0.184 

(0.125に
0.258) 
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Choroidoretinopathy; 

Cataracts 

difficulty going outside the home without 

assistanceざ 

Blindness Blindness さis completely blind, which causes great 

difficulty in some daily activities, worry and 

anxiety, and great difficulty going outside the 

home without assistanceざ 

0.187 

(0.124に
0.260) 

Acute papular 

onchodermatitis; 

Onchocercomata 

(subcutaneous 

nodules) 

Mild skin 

disease 

さhas a slight, visible physical deformity that is 

sometimes sore or itchy. Others notice the 

deformity, which causes some worry and 

discomfortざ 

0.027 

(0.015に
0.042) 

Chronic papular 

onchodermatitis; 

Lichenified 

onchodermatitis 

ふさゲﾗ┘S;ざぶき 
Lymphadenopathy 

Mild skin 

disease without 

itch 

さhas a slight, visible physical deformity that 

others notice, which causes some worry and 

discomfortざ 

0.011 

(0.005に
0.021) 

Skin atrophy; 

Depigmentation 

ふさﾉWﾗヮ;ヴS ゲﾆｷﾐざぶ 

Moderate skin 

disease 

さhas a visible physical deformity that is sore 

and itchy. Other people stare and comment, 

which causes the person to worry. The 

person has trouble sleeping and 

concentratingざ 

0.188 

(0.124に
0.267) 

Hanging groin; 

Lymphoedema 

Severe skin 

disease without 

itch 

さhas an obvious physical deformity that 

makes others uncomfortable, which causes 

the person to avoid social contact, feel 

worried, sleep poorly, and think about 

suicideざ 

0.405 

(0.275に
0.546) 

 Asymptomatic 

onchocerciasis 

NA NA 

 

Modelling strategy 

The nonfatal modelling for onchocerciasis included six major steps. In the first step, GBD 2010 

prevalence was exponentially extrapolated to obtain GBD 2017 estimates. Acute skin disease level 2 and 

chronic skin disease level 2 were summed to create the moderate skin disease sequela. Uncertainty was 

quantified and provided by the EG for all estimates except those of visual impairment and blindness. In 

these cases, for each of the OCP draws the number of cases were multiplied by a random value (the 

exponent of a normally distributed variable with mean zero and standard deviation 0.1) in order to add 

uncertainty. Within each draw, the same randomly drawn value was applied to all country-year-age-sex 

estimates. Visual impairment was then split into moderate and severe vision impairment by first 

multiplying the visual impairment estimates by a random value (from a normal distribution with mean 

0.84 and standard deviation 0.0031) to generate moderate vision impairment, and then subtracting the 

resulting estimates from visual impairment to obtain estimates of severe vision impairment. Prevalence 

of sequelae was calculated by dividing the cases by the population. 

The second step in modelling morbidity due to onchocerciasis was the adjustment of uncertainty in the 

conversion of nodule prevalence to microfilaria (mf) prevalence and in the effects of mass drug 
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administration (MDA). To adjust for uncertainty in translation of nodule prevalence to mf prevalence, 

the final OCP draws from the first step were logit transformed and uncertainty was added from a 

random value drawn from a normal distribution to the transformed estimates. The resulting estimates 

were then normalised and scaled using estimates published elsewhere [1]. To adjust for uncertainty due 

to MDA, the year when MDA with ivermectin started was set according to the table below. 

Country MDA start year 

Angola, Burundi, South Sudan 2005 

Congo, Ethiopia, DRC 2001 

Cameroon, Central African Republic, Equatorial Guinea, Liberia, Nigeria, Uganda 1999 

Chad, Niger, Tanzania 1998 

Malawi 1997 

All others 1990 

 

The uncertainty in the time trend was then multiplied by the normalised prevalence estimates and the 

final prevalence was obtained by re-expanding the scaled normalised draws and adjusting the scale back 

from logit scale. 

Third, since EG draws were provided before the independence of South Sudan in 2011, Sudan estimates 

from the EG were partitioned between Sudan and South Sudan. Population at risk (PAR) estimates pre- 

and post-Abu Hamed foci elimination in 2015 in Sudan were used to proportionally split cases between 

the two countries [2]. REMO maps showing definite needs for community-directed treatment with 

ivermectin (CTDI) were digitised and overlaid with population per pixel rasters to produce estimates of 

PAR pre-Abu Hamed elimination. Post-Abu Hamed elimination in 2015, REMO maps were edited to 

remove the foci as a definite CDTI areas and estimates were reproduced.  

In the fourth step, prevalence in the Ethiopia subnationals was estimated separately and appended to 

the Africa model. Subnational draws were split proportionally based on sample size weighted 

prevalence from prevalence data, using population at risk estimates derived from digitising a map of 

onchocerciasis endemic districts in 2015 from Meribo and colleagues to convert into case space [3]. A 

proportion of cases falling into each subnational was then used to split national case numbers provided 

by EG draws into each subnational. 

In the fifth step, prevalence of onchocerciasis in Yemen was modelled separately and combined with the 

Africa model. Due to limited data, this was done utilising one data point from the Ministry of Health 

published in 1991 only accounting for population change [22]. Furthermore, the global age-sex trend 

was imposed to produce age-sex-specific estimates. The clinical manifestation of Yemeni onchocerciasis 

is different from other regions, notably the atypical and most severe cutaneous manifestation known as 

sowda [23]. Therefore, all cases of onchocerciasis are being mapped to mild skin disease due to 

onchocerciasis without itch.  

In the sixth step, prevalence of onchocerciasis in the Americas was modelled separately and combined 

with the Africa and Yemen models. For the GBD estimation period, onchocerciasis is known to have 

occurred in six countries of Central and Southern America: Mexico, Guatemala, Colombia, Ecuador, 

Brazil and Venezuela. The epidemiology of onchocerciasis is very different in these countries than in 

Africa because it has only occurred in relatively small, well defined foci. These foci have been mapped 
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and thoroughly monitored since the early 1990s with the formation of the Onchocerciasis Elimination 

Program of the Americas (OEPA) and all of the prevalence surveys conducted are only representative of 

these areas. Additionally, certain foci are geographically continuous across national boundaries. 

Therefore, we modelled onchocerciasis in these countries at the focus level among the population at risk 

in each focus instead of at the national level.  

Population at risk for each focus was modelled using data from OEPA on baseline population at risk [6] 

and data from OEPA and peer-reviewed studies on dates of elimination in each focus [6-19]. This was 

done with a Poisson model using year splines as a covariate, and 1,000 draws of the population at risk 

were drawn from the predicted mean and standard error. The prevalence of disease among the 

population at risk was subsequently modelled using a generalised linear model with a binomial family, 

logit link, no intercept term, and random effects on a combined-foci variable created by grouping foci by 

geographic contiguity and nearness when data were sparse. Covariates included an indicator term on 

the foci, the number of years since MDA began, and splines on age. One thousand draws of prevalence 

were calculated from 1,000 draws of beta values from the variance-covariance matrix and adjusted by 

the estimated population at risk in each focus-year to determine the number of cases. The cases were 

then summed by GBD geography and year and divided by national population to find the national 

prevalence. While the model predicted case values very close to zero in the countries where elimination 

has occurred, these were overwritten to zero values for all years after certified elimination. The ratio of 

global all-age, all-sex prevalence of each sequela to the all-cases prevalence from the Africa estimates 

was applied to all-cases prevalence from the Americas to calculate prevalence of each sequelae. 

Lastly, to estimate the prevalence of asymptomatic onchocerciasis, the prevalence of morbidity (vision 

loss, blindness and skin conditions) was subtracted from the overall onchocerciasis prevalence.  

Moderate vision impairment, severe vision impairment, and blindness estimates were each multiplied 

by a factor of 8/33 before subtraction to account for cases that have concurring symptoms. 
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Dengue 
 

Flowchart 

 

 

Case definition 

Dengue is mosquito-borne viral infection that causes febrile illness and, in severe cases, jaundice, 

haemorrhage, and death. It includes all ICD-10 codes under the heading A90 (Dengue fever [classical 

dengue]) and A91 (Dengue haemorrhagic fever). 

Input data 

 Model inputs 

For GBD 2016, we modelled dengue incidence based on officially reported cases. The table below 

illustrates the geographic distribution of data points used in our analysis. 

Table 1. Geographies 

Level Incidence 

Data points 2,920 

Studies 70 

Locations 201 

Regions 15 

  

While no systematic update was conducted, we did incorporate new expansion factor data that were 

provided by collaborators and have updated to the latest available case reports for GBD 2017. 

 

Modelling strategy  

The methods used to model dengue incidence remain unchanged from GBD 2016, and are an improved 

variant of the methods used for GBD 2013 that were described by Stanaway and colleagues. Briefly, we 
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derive two dengue-specific covariates: first a variable to define the expected spatial distribution of the 

disease based on principal components analysis of dengue CSMR estimates and dengue transmission 

probability and, second, a variable to define the country-specific trends, based on a mixed-effects model 

of reported cases. We then estimate a mixed-effects negative binomial model with number of reported 

cases as the dependent variable, fixed effects on the aforementioned spatial and temporal covariates, 

and random effects on location. These random effects are assumed to correspond to deviations in 

reporting completeness and, calibrating against published expansion factor data (ie, estimates of the 

degree of underreporting), they are inflated to adjust for underreporting estimates. The resulting 

incidence estimates are split into moderate (94.5%) and severe (5.5%) sequelae, based on the 

proportion of reported cases that were severe. We assume that 8.4% of symptomatic infections will 

produce post-acute chronic fatigue lasting an average of six months (Teixeira L de AS, Lopes JSM, 

Martins AG da C, Campos FAB, Miranzi S de SC, Nascentes GAN. Persistence of dengue symptoms in 

patients in Uberaba, Minas Gerais State, Brazil. Cad Saúde Pública 2010; 26: 624に30.). 

 Severity splits and disability weights 

Table 2. Sequelae, lay descriptions, and DWs 

Sequela Lay description 
Disability 

Weight (DW) 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, 

which causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Asymptomatic Infection with no apparent illness. NA 

 

Changes from GBD 2016 to GBD 2017 

We have made no substantive changes in the modelling strategy from GBD 2016 to GBD 2017. 
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Yellow Fever 
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Case definition 

Yellow fever is mosquito-borne viral infection that causes febrile illness and, in severe cases, jaundice, 

haemorrhage, and death. It is considered a neglected tropical disease (NTD). It includes all ICD-10 codes 

under the heading A95 (yellow fever). 

Input data 

 Model inputs 

Case data for the yellow fever estimate process comes from official case reports filed with the World 

Health Organization. The table below shows the distribution of said data geographically for the GBD 

2017 estimation process. 

 

Table 1. Data spread 

  

Level Incidence 

Data points 909 

Studies 19 

Locations 47 

Regions 9 

 

We have updated to the latest available case reports for GBD 2017. 

 

Severity splits 

Yellow fever is split into three levels of severity: moderate (33% [13に52]), severe (12% [5に26]), and 

asymptomatic (55% [37に74]). The table below illustrates this breakdown. 
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Table 2. Sequela, description, and disability weight (DW) 

 

Sequela Description 
Disability 

weight (DW) 

Moderate Has a fever and aches, and feels weak, which causes some 

difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Asymptomatic Infection with no apparent illness. NA 

 

 

Modelling strategy  

 

We modelled reported cases of yellow fever using a mixed-effects negative binomial model, with fixed 

effects for year and random effects for super-region, region, and country. We assume that yellow fever 

cases are underreported, and that this underreporting mirrors that for dengue (a disease for which we 

have better data on underreporting). With that, we estimate symptomatic cases as the product of our 

base case estimates and dengue expansion factors (ie, the factor by which you must multiply reported 

cases to derive true cases). Based on published estimates from Johansson and colleagues (2014), we 

assume that 27% of symptomatic cases will be severe. 

 

Changes from GBD 2016 to GBD 2017 

We have made no substantive changes in the modelling strategy for endemic countries from GBD 2016 

to GBD 2017. 
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Rabies 
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Input data and methodological summary 

 

Case definition 

Rabies is a fatal viral infection transmitted by animal bites. Without prophylactic vaccination the disease is 

almost universally fatal. The disease has a long incubation period (1-3 months), and early intervention 

with prophylactic vaccination is nearly 100% effective in preventing symptomatic disease. It is considered 

a neglected tropical disease (NTD). We model symptomatic infections, not including those infections in 

which intervention prevented the onset of symptomatic disease, corresponding to the ICD10 code A82. 

Input data 

 Model inputs 

As we derive our estimate of cases from our estimate of deaths, no incidence data are used in the model. 

For GBD 2017, we modelled rabies mortality using all available data in the cause of death database. Data 

points were outliered if they reported an improbable number of rabies deaths (eg, zero rabies deaths in a 

hyperendemic country) or if their inclusion in the model yielded distorted trends. In some cases, multiple 

data sources for the same location differed dramatically both in their quality and reported rabies 

mortality (eg, a verbal autopsy and vital registration source). In these cases, the lower-quality data source 

was outliered. 
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Modelling strategy  

We derive estimates of the number of symptomatic rabies infections (ie, those not averted through 

prophylactic vaccination) based on rabies mortality estimates, assuming 99% case fatality. All cases are 

assumed to be severe. 

 

We modelled rabies mortality using a two-model hybrid approach 1) a global CODEm model of all 

locations, using all data in the CoD database; and 2) a CODEm model restricted to data-rich countries.     

 

Sequela description and DW 

 

There is only one sequela and associated disability weight for rabies, which is severe. The lay description 

is included in the table below. 

 

Table 2. Sequela, description, and DW 

 

Sequela Description 

Disability 

Weight  

(95% CI) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

 

 

Changes from GBD 2016 to GBD 2017 

We have made no substantive changes in the modelling strategy for rabies from GBD 2016.  
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Ascariasis 

Flowchart 

 

 

Input data and methodological summary 

Case definition 

Ascariasis is a helminthic disease caused by the parasitic roundworm Ascaris lumbricoides. It is one of the 

three intestinal nematode infections (INI), or soil-transmitted helminthiasis (STH), that are modelled in 

GBD. Diagnosis is made by examination of stool by microscope or PCR, with or without concentration 

procedures. The ICD-10 codes for ascariasis are B77-B77.9. 

Input data 

Global Atlas of Helminth Infections Data 

Input data for this model were primarily compiled from the Global Atlas of Helminth Infections (GAHI) 

database. The GAHI database collates an exhaustive catalog of surveys and studies conducted by 

scientists that attempt to estimate the burden of STH [1]. Each record in the database contained 

metadata (ie, location, year, age range, sex) of each study sample and the prevalence of ascariasis in that 

sample. We excluded data points where the age range of the sample was unknown and retained only 

those surveys where Kato-Katz diagnostics were used. The table below displays the number of site-years 

by geography: 

Table 1a Site-years for ascariasis from the Global Atlas of Helminth Infections data used in GBD 2017 

  Prevalence 

Site-years (total) 353 

Number of countries with data 62 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-regions) 6 
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Expert Group Data 

Since GBD 2010, we have used prevalence data prepared by the GBD expert group (EG) containing mean 

prevalence with confidence intervals, stratified by location, year (1990, 2005, 2010), age group (0-4, 5-9, 

10-14, 15+ years) and intensity of infection (light, medium, heavy, all). In order to move toward updating 

inputs and methods, we altered our use of these data. For some stages of our processes, we retain 

information from previous GBD cycles and the expert group, detailed below.  

Geographic restrictions 

We conducted a literature review to determine the geographic extent of the disease and classify locations 

based on whether the disease is absent or present in each year. Locations that were geographically 

restricted in any given year did not have estimates made for them. Of note, we did not attempt a 

complete systematic review, since a single high-quality source could offer sufficient evidence of presence. 

Evidence of absence or presence was not available for every location for each year, and so assumptions 

were made for missing years by taking into consideration the epidemiological characteristics of the 

disease.  

If evidence indicated disease presence for two non-consecutive years, we assumed presence for all years 

between the two. If evidence indicated disease absence for two non-consecutive years, we assumed 

absence for all years between the two. If evidence indicated a change in status (ie, from absent to 

present, or present to absent) between two non-consecutive years, than we conducted targeted searches 

to ascertain the relevant year of introduction or elimination for that location. In the cases where presence 

or absence information was missing for the start or end years of our study interval (1990に2017) without 

evidence of any introduction or elimination events within the interval, we applied the status of the first 

and last presence/absence observations, respectively, to all years between the interval bound and the 

observation year. Our search was done in conjunction with the title/abstract screening portion of a 

systematic literature review for prevalence data. The search strings and yield can be viewed in the table 

below for each of the databases queried. 

Table 1b Geographic restriction search strings 

Database Search String Yield 

PubMed (Ascariasis[Title/Abstract] OR Ascaris[Title/Abstract] OR "A. 

lumbricoides"[Title/Abstract] OR Ascaris[MeSH] OR Trichuris[Title/Abstract] 

OR Trichuriasis[Title/Abstract] OR "Whip Worm"[Title/Abstract] OR "T. 

trichura"[Title/Abstract] OR Trichuris[MeSH] OR Hookworm[Title/Abstract] OR 

ゎAく S┌ﾗSWﾐ;ﾉWゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎAﾐI┞ﾉﾗゲデﾗﾏ; S┌ﾗSWﾐ;ﾉWざぷTｷデﾉWっAHゲデヴ;Iデへ 
OR ancylostomiasis[Title/Abstract] OR "N. americanus"[Title/Abstract] OR 

さNWI;デﾗヴ ;ﾏWヴｷI;ﾐ┌ゲざぷTｷデﾉWっAHゲデract] OR necatoriasis[Title/Abstract] OR 

Ancylostoma [MeSH] OR Necator[MeSH]) AND (prevalence[Title/Abstract] OR 

incidence[Title/Abstract] OR epidemiology[Title/Abstract] OR 

surveillance[Title/Abstract]) NOT(Animals[MeSH] NOT Humans[MeSH]) 

2,376 

Web of 

Science  

 

(Ascariasis OR Ascaris OR A. lumbricoides OR Trichuris OR Trichuriasis OR 

Whip Worm OR T. trichura OR Hookworm OR A. duodenale OR Ancylostoma 

duodenale OR anclyostomiasis OR N. americanus OR Necator americanus OR 

necatoriasis) AND TOPIC:(prevalence OR incidence OR epidemiology OR 

surveillance) NOTTOPIC: ((Animals NOT Humans)) 

Timespan: 1980-2016. Indexes: SCI-EXPANDED, SSCI, A&HCI, ESCI. 

2,266 
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SCOPUS TITLE-ABS_KEY (ascariasis OR ascaris OR a. lumbricoides OR trichuris OR 

trichuriasis OR whip worm OR t. trichura OR hookworm OR a. duodenale OR 

ancylostoma duodenale OR anclyostomiasis OR n. americanus OR necator 

americanus OR necatoriasis) AND PUBYEAR>1979 

29 

 

These papers were used to classify location-years for all locations and years present in the literature. We 

only utilised papers that are explicitly concerned with ascariasis. Additionally, systematic literature 

reviews, meta-analyses, national health statistics publications, and collaborator input were used to 

classify location-years not present in the literature review wherever possible. 

Health states/sequelae 

The table below shows the list of sequelae due to ascariasis and the associated disability weights (DW). 

Prevalence of medium infection and heavy infection were mapped to mild abdominopelvic problems and 

heavy infestation of ascariasiss, respectively. Light infection or asymptomatic was not attributed any 

disability. To inform the wasting model, 1,000 draws of severe wasting prevalence among children under 

5 years were ascertained from GBD 2017 estimates に the methods used to generate estimates of wasting 

prevalence are detailed elsewhere (part of risk factors documentation) [2]. 

Table 2. Sequelae, lay description  d disability weights (DWs) 

Sequela Lay description DW 

Mild abdominopelvic problems  さhas some pain in the belly that causes nausea but 

does not interfere with daily activitiesざ 

0.011 (0.005に0.021) 

Heavy infestation さhas cramping pain and a bloated feeling in the 

bellyざ 

0.027 (0.015に0.043) 

Severe wasting さis extremely skinny and has no energyざ 0.128 (0.082に0.183) 

Asymptomatic ascariasis N/A N/A 

 

Modelling strategy 

DisMod-MR 2.2 

In the estimation of overall morbidity due to ascariasis, we implemented a three-stage modelling 

framework. The first stage of the modelling process was using DisMod-MR to generate a global age-sex 

curve to disaggregate all-age, both-sex prevalence data. DisMod is an integrated meta-regression 

framework that allows for multiple datasets to be used within a singular analysis regardless of age-

binning, sources, and geographies. As a result, a variety of differently aggregated information can be 

evaluated to generate a consensus output. Our final model contained all processed GAHI data as input 

and was informed by two country-level covariates (ie, all risk factors SEV for unsafe water, and all risk 

factors SEV for unsafe sanitation). From this model, the global fits were used. 

Table 3a DisMod model covariates 

Covariate Type Parameter Exponentiated beta 

SEV unsafe water Country-level Proportion  4.41 (4.22に4.48) 
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SEV unsafe sanitation Country-level Proportion 4.45 (4.35に4.48) 

 

 

 

 

 

 

 

 

 

Figure 1: Global age-specific prevalence estimates for males (left) and females (right) for the year 2017. 

Proportion (prevalence) is on the Y-axis, and age in years on the X-axis. Screenshot from EpiViz tool. 

Figure 1 shows the age-specific variation in prevalence rates, differentiated by sex. When considered as a 

global aggregate, we see that reported male and female prevalence are very similar. This is mostly a 

function of data used for modelling mainly being reported for both sexes. The highest prevalence rates 

are among adolescents and then decline among adults.  

ST-GPR 

After obtaining a global age-sex pattern from DisMod, we utilise a spatiotemporal Gaussian process 

regression (ST-GPR) to generate a complete time series of estimates for each location where there are no 

geographic restrictions. ST-GPR attempts to model non-linear trends utilising a Gaussian process to fit a 

trend. The following model specifications were used: 鶏堅結懸欠健結券潔結 噺   鶏堅剣喧剣堅建件剣券 鯨欠券件建欠建件剣券 髪 鶏堅剣喧剣堅建件剣券 鯨欠血結 激欠建結堅 髪 鯨剣潔件剣穴結兼剣訣堅欠喧月件潔 荊券穴結捲髪 岫な】健結懸結健 に岻 髪 岫な】健結懸結健 ぬ岻 

 

Where Levels 2 and 3 refer to GBD location hierarchies, or random effects for region and location. 

Notably, the covariates for the model were sanitation or proportion of population with access to 

improved toilet types, and safe water or proportion of population with access to improved water sources. 

Improved toilet types and improved water sources are defined by the Joint Monitoring Program. The 

following hyperparameters were used: st-lambda = 0.25, st-omega =2, st-zeta = 0.01, gpr-scale = 15. We 

selected these hyperparameters as they provided more weight to country-level data rather than region-

level data when estimating the prevalence for a given location-year. In other words, these 

hyperparameters ensure that the Gaussian process regressions follow country-specific data rather than 

region-specific data when estimating a time series for a location.   

It is important to note that we did not use all processed GAHI data for the ST-GPR model. We opted to 

run a child-only model because the bulk of our data is among adolescents and there is more granular age 

information that we can leverage during modelling processes. More specifically, any data points that had 
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age bins between 0 and 15 years were assigned to the 5 to 9 age group. We selected all data with age 

bins between 0 and 15 because they fall within the peak in prevalence across all age groups; this is where 

a majority of data are, and this provides sufficient statistical power for our model. This left us with 210 

site-years of global input data for ST-GPR. 

Table 3b -GPR model covariates 

Covariate Exponentiated beta Standard error 

Socio-demographic Index -9.99 2.09 

Safe water -2.56 1.06 

Sanitation 3.95 0.79 

 

 

Figure 2: ST-GPR estimates for Cameroon (0- to 15-year-olds, both sex) for years 1990に2017. Black dots 

represent input data points, with the black lines indicating variance. The green line represents the mean 

GPR estimated values, with uncertainty shown by the green polygon. The blue line indicates the space-

time component of the ST-GPR; the red line indicates the linear regression component derived from 

global data. Transparent black dots represent data from other locations in the GBD region (Western sub-

Saharan Africa).  

Figures 2 displays the time trends as computed by ST-GPR. For the most part, locations looked similar to 

Cameroon, where we see consistent declines in prevalence throughout time. 

Imputations 

The final stage of the overall prevalence modelling process is to impute the remaining age groups by 

borrowing information from the ST-GPR time series for 5- to 9-year-olds and the DisMod global age-sex 

pattern. First, we assign each age group a ratio of how much larger or smaller the prevalence is compared 
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to the prevalence for 5- to 9-year-olds using the DisMod global age-sex pattern. More specifically, the 

following is the computation for each age group: 迎欠建件剣 噺  喧堅結懸欠健結券潔結岷銚直勅 鎚痛銚追痛峅痛墜 岷銚直勅 勅津鳥峅喧堅結懸欠健結券潔結泰 痛墜 苔  

We opted not to use the age-sex curves by location or region, because DisMod performed better at 

disaggregating our heterogeneous data at the global level. With a ratio for every age group by sex, we 

multiplied the ratio by the ST-GPR location-year estimates to impute estimates for the remaining age 

groups. 

Health states/sequelae 

Following computations of location-year-age-sex-specific prevalence of ascariasis, we leverage 

information from the 2010 EG data to conduct sequelae splits. The 2010 EG data provided estimates for 

heavy infestation, mild abdominopelvic problems, and asymptomatic ascariasis by location and for 1990, 

2005, and 2010. These three values add up to all cases of ascariasis. Thus, for heavy infestation and mild 

abdominopelvic problems, we computed the proportion of cases that belong to our sequelae of interest 

over all cases of ascariasis. More specifically, the following is the computation by heavy infestation and 

mild abdominopelvic problems: 鶏堅剣喧剣堅建件剣券鎚勅槌通勅鎮銚勅 噺  喧堅結懸欠健結券潔結鎚勅槌通勅鎮銚勅喧堅結懸欠健結券潔結銚鎮鎮 頂銚鎚勅鎚  

This calculation was done for every location, year, and age group available. Because the EG data only had 

four age groups (0-4, 5-9, 10-14, 15+ years), we applied the 15+ age group proportion for all remaining 

age groups. In addition, for 1995 and 2000 we applied the 1990 proportions, and for 2017 we applied the 

2010 proportions. Using these location-year-age-specific proportions, we multiplied the total ascariasis 

estimates to compute heavy infestation and mild abdominopelvic prevalence. To estimate the prevalence 

of asymptomatic ascariasis, prevalence of mild and heavy infestation was subtracted from the overall 

ascariasis prevalence. 

The final step in the modelling process was to estimate the prevalence of severe wasting due to ascariasis 

in age groups 28に364 days and 1に4 years. This was done separately using 1,000 draws of prevalence of 

heavy infestation due to ascariasis and the wasting envelope prevalence. The initial step in determining 

prevalence of severe wasting due to ascariasis was generating 1,000 draws of change in weight-for-height 

z-score per heavy prevalent case from a random normal distribution with mean = 0.493826493 and 

standard deviation = 0.04972834 (calculated from upper and lower bounds of the mean estimate). The 

mean, upper, and lower bounds were based on a published article [2]. The prevalence of severe wasting 

due to ascariasis was then obtained as a function of change in weight-for-height z-score. The following 

are the computations: 鶏堅結懸欠健結券潔結栂銚鎚痛沈津直 鳥通勅 痛墜 銚鎚頂銚追沈銚鎚沈鎚 噺  拳欠嫌建件券訣 伐  も岫も貸怠岫wasting岻 伐 z score 茅 heavy infestation岻 

Where も is the standard normal cumulative distribution function and も貸怠 is the inverse standard normal 

cumulative distribution function. 
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Changes from GBD 2016 

Significant changes have been made compared to prior GBD cycles in an effort to build a database of 

ascariasis data points and to continuously update methodologies. The following are changes since prior 

versions of GBD: 

Data に In prior years we used estimates from the 2010 EG data. Here, we transition to utilising a 

comprehensive database of ascariasis data points so we may annually update our inputs to reflect 

up-to-date data.  

Age-sex pattern に Given a substantial amount of heterogeneity in our input data, age-sex curves 

were generated from a DisMod model. 

Gaussian process regressions に To obtain location-year prevalence estimates, we implemented 

ST-GPR methodology consistently across the globe.  

Limitations 

As we attempt to improve the modelling processes for ascariasis, we recognise that there are several 

limitations. A substantial limitation is with regard to our data. While the GAHI database represents a 

comprehensive synthesis of ascariasis data points, numerous data points were excluded due to our 

specific case definition. We opted to only include studies where Kato-Katz was used to identify infected 

individuals, forcing us to drop a large proportion of the GAHI database. Inclusion of these studies may 

provide substantially more information with regard to our age patterns and time trends. Upcoming GBD 

cycles will explore methods for combining data with idiosyncratic diagnostic tools. 

A secondary limitation to our data is that several included studies are not considered to be nationally 

representative, and therefore at a location level, the data are highly heterogeneous (Figure 3). Numerous 

studies within the database were conducted in districts or townships, and in some cases the studies were 

done in known areas where prevalence is high. Upcoming GBD cycles will continue to rigorously vet these 

data points and update the database with literature searches. In addition, exploring the use of 

methodologies, such as model-based geostatistics, that implicitly model the spatial heterogeneity with 

this focal condition, are likely necessary. 

Furthermore, we made a large assumption that the global age-sex distributions were applicable to all 

locations. While we believe that prevalence should peak among adolescents and slowly decline afterward, 

there is likely variation across regions and locations. Given that our data are either among children or all-

age, it is very difficult to build an age trend at granular location levels. Thus, we allowed DisMod to 

disaggregate our heterogeneous data in an effort to provide sensible age-sex curves.   

We believe that more work needs to be done to improve our sequelae split methods. Since the EG data 

do not provide all estimation years and age groups, several assumptions had to be made. Thus, we will 

explore conducting literature searches to provide novel data points for sequelae estimations. Lastly, we 

ought to explore covariate effects in our ST-GPR model. Surprisingly, the sanitation covariate had a 

positive relationship with ascariasis prevalence, suggesting that our covariates may need to be 

reevaluated for future GBD cycles.   
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Figure 3: ST-GPR estimates for Nigeria (0 to 15 year olds, both sex) for years 1990に2017. Coloration and 

symbols are as stated in caption for Figure 2. 

Figure 3 show the time trend for Nigeria as computed by ST-GPR. For some locations, we estimate this 

fluctuating time trend which is a function of the heterogeneity in our input data. As explained above, 

some of these data points are representative of townships in Nigeria, causing a great deal of 

heterogeneity throughout time. 
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Trichuriasis 

Flowchart 

 

 

Input data and methodological summary 

Case definition 

Trichuriasis is a helminth diseases caused by the parasitic whipworm Trichuris trichiura. It is one of the 

three intestinal nematode infections (INI), or soil-transmitted helminthiasis (STH), that we model in GBD. 

Diagnosis is made by examination of stool by microscope or PCR, with or without concentration 

procedures. The ICD-10 code for trichuriasis is B79. 

Input data 

Global Atlas of Helminth Infections Data 

Input data for this model were primarily compiled from the Global Atlas of Helminth Infections (GAHI) 

database. The GAHI database collates an exhaustive catalog of surveys and studies conducted by 

scientists that attempt to estimate the burden of STH [1]. Each record in the database contained 

metadata (ie, location, year, age range, sex) of each study sample and the prevalence of trichuriasis in 

that sample. We excluded data points where the age range of the sample was unknown and retained only 

those surveys where Kato-Katz diagnostics were used. The table below displays the number of site-years 

by geography: 

Table 1a Site-years for trichuriasis from the Global Atlas of Helminth Infections data used in GBD 2017 

  Prevalence 

Site-years (total) 315 

Number of countries with data 60 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-regions) 6 
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Expert group data 

Since GBD 2010, we have used prevalence data prepared by the GBD expert group (EG) containing mean 

prevalence with confidence intervals, stratified by location, year (1990, 2005, 2010), age group (0-4, 5-9, 

10-14, 15+ years) and intensity of infection (light, medium, heavy, all). In order to move toward updating 

inputs and methods, we altered our use of this data. For some stages of our processes, we retain 

information from previous GBD cycles and the expert group, detailed below.  

Geographic restrictions 

We conducted a literature review to determine the geographic extent of the disease and classify locations 

based on whether the disease is absent or present in each year. Locations that were geographically 

restricted in any given year did not have estimates made for them. Of note, we did not attempt a 

complete systematic review, since a single high-quality source could offer sufficient evidence of presence. 

Evidence of absence or presence was not available for every location for each year, and so assumptions 

were made for missing years by taking into consideration the epidemiological characteristics of the 

disease.  

If evidence indicated disease presence for two non-consecutive years, we assumed presence for all years 

between the two. If evidence indicated disease absence for two non-consecutive years, we assumed 

absence for all years between the two. If evidence indicated a change in status (ie, from absent to 

present, or present to absent) between two non-consecutive years, then we conducted targeted searches 

to ascertain the relevant year of introduction or elimination for that location. In the cases where presence 

or absence information was missing for the start or end years of our study interval (1990に2017) without 

evidence of any introduction or elimination events within the interval, we applied the status of the first 

and last presence/absence observations, respectively, to all years between the interval bound and the 

observation year. Our search was done in conjunction with the title/abstract screening portion of a 

systematic literature review for prevalence data. The search strings and yield can be viewed in the table 

below for each of the databases queried. 

Table 1b Geographic restriction search strings 

Database Search String Yield 

PubMed (Ascariasis[Title/Abstract] OR Ascaris[Title/Abstract] OR "A. 

lumbricoides"[Title/Abstract] OR Ascaris[MeSH] OR Trichuris[Title/Abstract] 

OR Trichuriasis[Title/Abstract] OR "Whip Worm"[Title/Abstract] OR "T. 

trichura"[Title/Abstract] OR Trichuris[MeSH] OR Hookworm[Title/Abstract] OR 

ゎAく S┌ﾗSWﾐ;ﾉWゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎAﾐI┞ﾉﾗゲデﾗﾏ; S┌ﾗSWﾐ;ﾉWざぷTｷデﾉWっAHゲデヴ;Iデへ 
OR ancylostomiasis[Title/Abstract] OR "N. americanus"[Title/Abstract] OR 

さNWI;デﾗヴ ;ﾏWヴｷI;ﾐ┌ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ﾐWI;デﾗヴｷ;ゲｷゲぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
Ancylostoma [MeSH] OR Necator[MeSH]) AND (prevalence[Title/Abstract] OR 

incidence[Title/Abstract] OR epidemiology[Title/Abstract] OR 

surveillance[Title/Abstract]) NOT(Animals[MeSH] NOT Humans[MeSH]) 

2,376 

Web of 

Science  

 

(Ascariasis OR Ascaris OR A. lumbricoides OR Trichuris OR Trichuriasis OR 

Whip Worm OR T. trichura OR Hookworm OR A. duodenale OR Ancylostoma 

duodenale OR anclyostomiasis OR N. americanus OR Necator americanus OR 

necatoriasis) AND TOPIC:(prevalence OR incidence OR epidemiology OR 

surveillance) NOTTOPIC: ((Animals NOT Humans)) 

Timespan: 1980-2016. Indexes: SCI-EXPANDED, SSCI, A&HCI, ESCI. 

2,266 
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SCOPUS TITLE-ABS_KEY (ascariasis OR ascaris OR a. lumbricoides OR trichuris OR 

trichuriasis OR whip worm OR t. trichura OR hookworm OR a. duodenale OR 

ancylostoma duodenale OR anclyostomiasis OR n. americanus OR necator 

americanus OR necatoriasis) AND PUBYEAR>1979 

29 

 

These papers were used to classify location-years for all locations and years present in the literature. We 

only utilised papers that are explicitly concerned with trichuriasis. Additionally, systematic literature 

reviews, meta-analyses, national health statistics publications, and collaborator input were used to 

classify location-years not present in the literature review wherever possible. 

Health states/sequelae 

The table below shows the list of sequelae due to trichuriasis and the associated disability weights (DW). 

Prevalence of medium infection and heavy infection were mapped to mild abdominopelvic problems and 

heavy infestation of trichuriasis, respectively. Light infection was not attributed any disability. To inform 

the wasting model, 1,000 draws of severe wasting prevalence among children under 5 years were 

ascertained from GBD 2017 estimates に the methods used to generate estimates of wasting prevalence 

are detailed elsewhere (part of risk factors documentation) [2]. 

Table 2. Sequelae, lay description, and disability weights (DWs) 

Sequela Lay description DW (95% CI) 

Mild abdominopelvic problems  さhas some pain in the belly that causes nausea but 

does not interfere with daily activitiesざ 

0.011 (0.005に0.021) 

Heavy infestation さhas cramping pain and a bloated feeling in the 

bellyざ 

0.027 (0.015に0.044) 

Severe wasting さis extremely skinny and has no energyざ 0.128 (0.082に0.183) 

Asymptomatic trichuriasis N/A N/A 

 

Modelling strategy 

DisMod-MR 2.2 

In the estimation of overall morbidity due to trichuriasis, we implemented a three-stage modelling 

framework. The first stage of the modelling process was using DisMod-MR to generate a global age-sex 

curve to disaggregate all-age, both-sex prevalence data. DisMod is an integrated meta-regression 

framework that allows for multiple datasets to be used within a singular analysis regardless of age-

binning, sources, and geographies. As a result, a variety of differently aggregated information can be 

evaluated to generate a consensus output. Our final model contained all processed GAHI data as input 

and was informed by two country-level covariates (ie, all risk factors SEV for unsafe water, and all risk 

factors SEV for unsafe sanitation). From this model, the global fits were used. 

Table 3a DisMod model covariates 

Covariate Type Parameter Exponentiated beta 

SEV unsafe water Country-level Proportion  4.40 (4.17に4.48) 

SEV unsafe sanitation Country-level Proportion 4.44 (4.36に4.48) 
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Figure 1: Global age-specific prevalence estimates for males (left) and females (right) for the year 2017. 

Proportion (prevalence) is on the Y-axis, and age in years on the X-axis. Screenshot from EpiViz tool. 

Figure 1 shows the age-specific variation in prevalence rates, differentiated by sex. When considered as a 

global aggregate, we see that reported male and female prevalence are very similar. This is mostly a 

function of data used for modelling mainly being reported for both sexes. The highest prevalence rates 

are among young adults and then decline among adults.  

ST-GPR 

After obtaining a global age-sex pattern from DisMod, we utilise a spatiotemporal Gaussian process 

regression (ST-GPR) to generate a complete time series of estimates for each location where there are no 

geographic restrictions. ST-GPR attempts to model non-linear trends utilising a Gaussian process to fit a 

trend. The following model specifications were used: 鶏堅結懸欠健結券潔結 噺   鶏堅剣喧剣堅建件剣券 鯨欠券件建欠建件剣券 髪 鶏堅剣喧剣堅建件剣券 鯨欠血結 激欠建結堅 髪 鯨剣潔件剣穴結兼剣訣堅欠喧月件潔 荊券穴結捲髪 岫な】健結懸結健 に岻 髪 岫な】健結懸結健 ぬ岻 

 

Where Levels 2 and 3 refer to GBD location hierarchies, or random effects for region and location. 

Notably, the covariates for the model were sanitation or proportion of population with access to 

improved toilet types, and safe water or proportion of population with access to improved water sources. 

Improved toilet types and improved water sources are defined by the Joint Monitoring Programme. The 

following hyperparameters were used: st-lambda = 0.25, st-omega =2, st-zeta = 0.01, gpr-scale = 15. We 

selected these hyperparameters as they provided more weight to country-level data rather than region-

level data when estimating the prevalence for a given location-year. In other words, these 

hyperparameters ensure that the Gaussian process regressions follow country-specific data rather than 

region-specific data when estimating a time series for a location. 

It is important to note that we did not use all processed GAHI data for the ST-GPR model. We opted to 

run an adolescent-only model because the bulk of our data are among children and there is more 

granular age information that we can leverage during modelling processes. More specifically, any data 

points that had age bins between 5 and 20 years were assigned to the 15 to 19 age group. We selected all 

data with age bins between 5 and 20 because it falls right below the peak in prevalence across all age 
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groups, this is where a majority of data are, and it provides sufficient statistical power for our model. This 

left us with 188 site-years of global input data for ST-GPR. 

Table 3b -GPR model covariates 

Covariate Exponentiated beta Standard error 

Socio-demographic Index -2.89 1.77 

Safe water 0.20 0.87 

Sanitation 0.20 0.76 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: ST-GPR estimates for Cameroon (5- to 20-year-olds, both sexes) for years 1990に2017. Black dots 

represent input data points, with the black lines indicating variance. The green line represents the mean 

GPR estimated values, with uncertainty shown by the green polygon. The blue line indicates the space-

time component of the ST-GPR; the red line indicates the linear regression component derived from 

global data. Transparent black dots represent data from other locations in the GBD region (Western sub-

Saharan Africa).  

Figures 2 displays the time trends as computed by ST-GPR. For the most part, locations looked similar to 

Cameroon, where we see consistent declines in prevalence throughout time. 

Imputation 

The final stage of the overall prevalence modelling process is to impute the remaining age groups by 

borrowing information from the ST-GPR time series for 15- to 19-year-olds and the DisMod global age-sex 

pattern. First, we assign each age group a ratio of how much larger or smaller the prevalence is compared 

to the prevalence for 15- to 19-year-olds using the DisMod global age-sex pattern. More specifically, the 

following is the computation for each age group: 
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迎欠建件剣 噺  喧堅結懸欠健結券潔結岷銚直勅 鎚痛銚追痛峅痛墜 岷銚直勅 勅津鳥峅喧堅結懸欠健結券潔結怠泰 痛墜 怠苔  

We opted not to use the age-sex curves by location or region, because DisMod performed better at 

disaggregating our heterogeneous data at the global level. With a ratio for every age group by sex, we 

multiplied the ratio by the ST-GPR location-year estimates to impute estimates for the remaining age 

groups. 

Health states/sequelae 

Following computations of location-year-age-sex-specific prevalence of trichuriasis, we leverage 

information from the 2010 EG data to conduct sequelae splits. The 2010 EG data provided estimates for 

heavy infestation, mild abdominopelvic problems, and asymptomatic trichuriasis by location and for 

1990, 2005, and 2010. These three values add up to all cases of trichuriasis. Thus, for heavy infestation 

and mild abdominopelvic problems, we computed the proportion of cases that belong to our sequelae of 

interest over all cases of trichuriasis. More specifically, the following is the computation by heavy 

infestation and mild abdominopelvic problems: 鶏堅剣喧剣堅建件剣券鎚勅槌通勅鎮銚勅 噺  喧堅結懸欠健結券潔結鎚勅槌通勅鎮銚勅喧堅結懸欠健結券潔結銚鎮鎮 頂銚鎚勅鎚  

This calculation was done for every location, year, and age group available. Because the EG data only had 

four age groups (0-4, 5-9, 10-14, 15+ years), we applied the 15+ age group proportion for all remaining 

age groups. In addition, for 1995 and 2000 we applied the 1990 proportions, and for 2017 we applied the 

2010 proportions. Using these location-year-age-specific proportions, we multiplied the total trichuriasis 

estimates to compute heavy infestation and mild abdominopelvic prevalence. To estimate the prevalence 

of asymptomatic trichuriasis, prevalence of mild and heavy infestation was subtracted from the overall 

trichuriasis prevalence. 

The final step in the modelling process was to estimate the prevalence of severe wasting due to 

trichuriasis in age groups 28に364 days and 1に4 years. This was done separately using 1,000 draws of 

prevalence of heavy infestation due to trichuriasis and the wasting envelope prevalence. The initial step 

in determining prevalence of severe wasting due to trichuriasis was generating 1,000 draws of change in 

weight-for-height z-score per heavy prevalent case from a random normal distribution with mean = 

0.493826493 and standard deviation = 0.04972834 (calculated from upper and lower bounds of the 

mean estimate). The mean, upper, and lower bounds were based on a published article [2]. The 

prevalence of severe wasting due to trichuriasis was then obtained as a function of change in weight-for-

height z-score. The following are the computations: 鶏堅結懸欠健結券潔結栂銚鎚痛沈津直 鳥通勅 痛墜 痛追沈頂朕通追沈銚鎚沈鎚 噺  拳欠嫌建件券訣 伐  も岫も貸怠岫wasting岻 伐 z score 茅 heavy infestation岻 

Where も is the standard normal cumulative distribution function and も貸怠 is the inverse standard normal 

cumulative distribution function. 

Changes from GBD 2016 

Significant changes have been made compared to prior GBD cycles in an effort to build a database of 

trichuriasis data points and to continuously update methodologies. The following changes have been 

made since prior versions of GBD: 
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Data に In prior years we used estimates from the 2010 EG data. Here, we transition to utilising a 

comprehensive database of trichuriasis data points so we may annually update our inputs to 

reflect up-to-date data.  

Age-sex pattern に Given a substantial amount of heterogeneity in our input data, age-sex curves 

were generated from a DisMod model. 

Gaussian process regressions に To obtain location-year prevalence estimates, we implemented 

ST-GPR methodology consistently across the globe.  

Limitations  

As we attempt to improve the modelling processes for trichuriasis, we recognise that there are several 

limitations. A substantial limitation is with regard to our data. While the GAHI database represents a 

comprehensive synthesis of trichuriasis data points, numerous data points were excluded due to our 

specific case definition. We opted to only include studies where Kato-Katz was used to identify infected 

individuals, forcing us to drop a large proportion of the GAHI database. Inclusion of these studies may 

provide substantially more information with regard to our age patterns and time trends. Upcoming GBD 

cycles will explore methods for combining data with idiosyncratic diagnostic tools. 

A secondary limitation to our data is that several included studies are not considered to be nationally 

representative, and therefore at a location level, the data are highly heterogeneous (Figure 3). Numerous 

studies within the database were conducted in districts or townships, and in some cases the studies were 

done in known areas where prevalence is high. Upcoming GBD cycles will continue to rigorously vet these 

data points and update the database with literature searches. In addition, exploring the use of 

methodologies, such as model-based geostatistics, that implicitly model the spatial heterogeneity with 

this focal condition, are likely necessary. 

Furthermore, we made a large assumption that the global age-sex distributions were applicable to all 

locations. While we believe that prevalence should peak among young adults and slowly decline 

afterward, there is likely variation across regions and locations. Given that our data are either among 

adolescents or all-age, it is very difficult to build an age trend at granular location levels. Thus, we allowed 

DisMod to disaggregate our heterogeneous data in an effort to provide sensible age-sex curves.   

We believe that more work needs to be done to improve our sequelae split methods. Since the EG data 

do not provide all estimation years and age groups, several assumptions had to be made. Thus, we will 

explore conducting literature searches to provide novel data points for sequelae estimations. Lastly, we 

ought to explore covariate effects in our ST-GPR model. While safe water and sanitation were not 

considered to be statistically significant in the model, they had positive relationships with trichuriasis 

prevalence, suggesting that our covariates may need to be reevaluated for future GBD cycles.   
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Figure 3: ST-GPR estimates for Nigeria (5- to 20-year-olds, both sexes) for years 1990に2017. Coloration 

and symbols are as stated in caption for Figure 2. 

Figure 3 shows the time trend for Nigeria as computed by ST-GPR. For some locations, we estimate this 

fluctuating time trend which is a function of the heterogeneity in our input data. As explained above, 

some of these data points are representative of townships in Nigeria causing a great deal of 

heterogeneity throughout time. 
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Hookworm Disease 

Flowchart 

 

 

Input data and methodological summary 

Case Definition 

Hookworm disease is a helminthic disease caused by intestinal parasites in the roundworm group, 

Ancylostoma duodenale and Necator americanus. It is one of the three intestinal nematode infections 

(INI), or soil-transmitted helminthiasis (STH), that we model in GBD. Diagnosis is made by examination of 

stool by microscope or PCR, with or without concentration procedures. The ICD-10 codes for hookworm 

disease are B76-B76.9. 

Input data 

Global Atlas of Helminth Infections Data 

Input data for this model were primarily compiled from the Global Atlas of Helminth Infections (GAHI) 

database. The GAHI database collates an exhaustive catalog of surveys and studies conducted by 

scientists that attempt to estimate the burden of STH [1]. Each record in the database contained 

metadata (ie, location, year, age range, sex) of each study sample and the prevalence of hookworm in 

that sample. We excluded data points where the age range of the sample was unknown and retained only 

those surveys where Kato-Katz diagnostics were used. The table below displays the number of site-years 

by geography: 

Table 1a Site-years for hookworm from the Global Atlas of Helminth Infections data used in GBD 2017 

  Prevalence 

Site-years (total) 312 

Number of countries with data 60 

Number of GBD regions with data (out of 21 regions) 10 

Number of GBD super-regions with data (out of 7 super-regions) 5 
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Expert Group Data 

Since GBD 2010, we have used prevalence data prepared by the GBD expert group (EG) containing mean 

prevalence with confidence intervals, stratified by location, year (1990, 2005, 2010), age group (0-4, 5-9, 

10-14, 15+ years) and intensity of infection (light, medium, heavy, all). In order to move toward updating 

inputs and methods, we altered our use of these data. For some stages of our processes, we retain 

information from previous GBD cycles and the expert group, detailed below.  

Geographic Restrictions 

We conducted a literature review to determine the geographic extent of the disease and classify locations 

based on whether the disease is absent or present in each year. Locations that were geographically 

restricted in any given year did not have estimates made for them. Of note, we did not attempt a 

complete systematic review, since a single high-quality source could offer sufficient evidence of presence. 

Evidence of absence or presence was not available for every location for each year, and so assumptions 

were made for missing years by taking into consideration the epidemiological characteristics of the 

disease.  

If evidence indicated disease presence for two non-consecutive years, we assumed presence for all years 

between the two. If evidence indicated disease absence for two non-consecutive years, we assumed 

absence for all years between the two. If evidence indicated a change in status (ie, from absent to 

present, or present to absent) between two non-consecutive years, then we conducted targeted searches 

to ascertain the relevant year of introduction or elimination for that location. In the cases where presence 

or absence information was missing for the start or end years of our study interval (1990に2017) without 

evidence of any introduction or elimination events within the interval, we applied the status of the first 

and last presence/absence observations, respectively, to all years between the interval bound and the 

observation year. Our search was done in conjunction with the title/abstract screening portion of a 

systematic literature review for prevalence data. The search strings and yield can be viewed in the table 

below for each of the databases queried. 

Table 1b Geographic Restriction Search Strings 

Database Search String Yield 

PubMed (Ascariasis[Title/Abstract] OR Ascaris[Title/Abstract] OR "A. 

lumbricoides"[Title/Abstract] OR Ascaris[MeSH] OR Trichuris[Title/Abstract] 

OR Trichuriasis[Title/Abstract] OR "Whip Worm"[Title/Abstract] OR "T. 

trichura"[Title/Abstract] OR Trichuris[MeSH] OR Hookworm[Title/Abstract] OR 

ゎAく S┌ﾗSWﾐ;ﾉWゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎAﾐI┞ﾉﾗゲデﾗﾏ; S┌ﾗSWﾐ;ﾉWざぷTｷデﾉWっAHゲデヴ;Iデへ 
OR ancylostomiasis[Title/Abstract] OR "N. americanus"[Title/Abstract] OR 

さNWI;デﾗヴ ;ﾏWヴｷI;ﾐ┌ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ﾐWI;デﾗヴｷ;ゲｷゲぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
Ancylostoma [MeSH] OR Necator[MeSH]) AND (prevalence[Title/Abstract] OR 

incidence[Title/Abstract] OR epidemiology[Title/Abstract] OR 

surveillance[Title/Abstract]) NOT(Animals[MeSH] NOT Humans[MeSH]) 

2,376 

Web of 

Science  

 

(Ascariasis OR Ascaris OR A. lumbricoides OR Trichuris OR Trichuriasis OR 

Whip Worm OR T. trichura OR Hookworm OR A. duodenale OR Ancylostoma 

duodenale OR anclyostomiasis OR N. americanus OR Necator americanus OR 

necatoriasis) AND TOPIC:(prevalence OR incidence OR epidemiology OR 

surveillance) NOTTOPIC: ((Animals NOT Humans)) 

Timespan: 1980-2016. Indexes: SCI-EXPANDED, SSCI, A&HCI, ESCI. 

2,266 
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SCOPUS TITLE-ABS_KEY (ascariasis OR ascaris OR a. lumbricoides OR trichuris OR 

trichuriasis OR whip worm OR t. trichura OR hookworm OR a. duodenale OR 

ancylostoma duodenale OR anclyostomiasis OR n. americanus OR necator 

americanus OR necatoriasis) AND PUBYEAR>1979 

29 

 

These papers were used to classify location-years for all locations and years present in the literature. We 

only utilised papers that are explicitly concerned with hookworm. Additionally, systematic literature 

reviews, meta-analyses, national health statistics publications and collaborator input were used to classify 

location-years not present in the literature review wherever possible. 

Health states/sequelae 

The table below shows the list of sequelae due to hookworm and the associated disability weights (DW). 

Prevalence of medium infection and heavy infection were mapped to mild abdominopelvic problems and 

heavy infestation of hookworm, respectively. Light infection was not attributed any disability. To inform 

the wasting model, 1,000 draws of severe wasting prevalence among children under 5 years were 

ascertained from GBD 2017 estimates に the methods used to generate estimates of wasting prevalence 

are detailed elsewhere (part of risk factors documentation) [2]. 

Table 2. Sequelae, lay description  and disability weights (DWs) 

Sequela Lay description DW 

Mild abdominopelvic problems  さhas some pain in the belly that causes nausea but 

does not interfere with daily activitiesざ 

0.011 (0.005に
0.021) 

Heavy infestation さhas cramping pain and a bloated feeling in the 

bellyざ 

0.027 (0.015に
0.044) 

Severe wasting さis extremely skinny and has no energyざ 0.128 (0.082に
0.183) 

Asymptomatic hookworm 

disease 

NA NA 

Mild anaemia さfeels slightly tired and weak at times, but this does 

not interfere with normal daily activitiesざ 

0.004 (0.001に
0.008) 

Moderate anaemia さfeels moderate fatigue, weakness, and shortness of 

breath after exercise, making daily activities more 

difficultざ 

0.052 (0.034に
0.076) 

Severe anaemia さfeels very weak, tired and short of breath, and has 

problems with activities that require physical effort 

or deep concentrationざ 

0.149 (0.101に
0.210) 

 

Modelling strategy 

DisMod-MR 2.2 

In the estimation of overall morbidity due to hookworm, we implemented a three-stage modelling 

framework. The first stage of the modelling process was using DisMod-MR to generate a global age-sex 

curve to disaggregate all-age, both-sex prevalence data. DisMod is an integrated meta-regression 

framework that allows for multiple datasets to be used within a singular analysis regardless of age-

binning, sources, and geographies. As a result, a variety of differently aggregated information can be 
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evaluated to generate a consensus output. Our final model contained all processed GAHI data as input 

and was informed by two country-level covariates (ie, all risk factors SEV for unsafe water, and all risk 

factors SEV for unsafe sanitation). From this model, the global fits were used. 

Table 3a DisMod model covariates 

Covariate Type Parameter Exponentiated beta 

SEV unsafe water Country-level Proportion  4.38 (4.14に4.48) 

SEV unsafe sanitation Country-level Proportion 4.44 (4.25に4.48) 

 

 

 

 

 

 

 

 

 

Figure 1: Global age-specific prevalence estimates for males (left) and females (right) for the year 2017. 

Proportion (prevalence) is on the Y-axis, and age in years on the X-axis. Screenshot from EpiViz tool. 

Figure 1 shows the age-specific variation in prevalence rates, differentiated by sex. When considered as a 

global aggregate, we see that reported male and female prevalence are very similar. This is mostly a 

function of data used for modelling mainly being reported for both sexes. Prevalence peaks among young 

adults, followed by a decline and then stabilising during adulthood. These age-sex curves are similar to 

what has been reported in the literature [3, 4]. 

ST-GPR 

After obtaining a global age-sex pattern from DisMod, we utilise a spatiotemporal Gaussian process 

regression (ST-GPR) to generate a complete time series of estimates for each location where there are no 

geographic restrictions. ST-GPR attempts to model non-linear trends utilising a Gaussian process to fit a 

trend. The following model specifications were used: 鶏堅結懸欠健結券潔結 噺   鶏堅剣喧剣堅建件剣券 鯨欠券件建欠建件剣券 髪 鶏堅剣喧剣堅建件剣券 鯨欠血結 激欠建結堅 髪 鯨剣潔件剣穴結兼剣訣堅欠喧月件潔 荊券穴結捲髪 岫な】健結懸結健 に岻 髪 岫な】健結懸結健 ぬ岻 

 

Where levels 2 and 3 refer to GBD location hierarchies, or random effects for region and location. 

Notably, the covariates for the model were sanitation or proportion of population with access to 

improved toilet types, and safe water or proportion of population with access to improved water sources. 

Improved toilet types and improved water sources are defined by the Joint Monitoring Programme. The 

following hyperparameters were used: st-lambda = 0.25, st-omega =2, st-zeta = 0.01, gpr-scale = 15. We 
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selected these hyperparameters as they provided more weight to country-level data rather than region-

level data when estimating the prevalence for a given location-year. In other words, these 

hyperparameters ensure that the Gaussian process regressions follow country-specific data rather than 

region-specific data when estimating a time series for a location. 

It is important to note that we did not use all processed GAHI data for the ST-GPR model. We opted to 

run an adolescent-only model because the bulk of our data are among children and there is more 

granular age information that we can leverage during modelling processes. More specifically, any data 

points that had age bins between 5 and 20 years were assigned to the 15 to 19 age group. We selected all 

data with age bins between 5 and 20 because this falls right below the peak in prevalence across all age 

groups, this is where a majority of data are, and it provides sufficient statistical power for our model. This 

left us with 199 site-years of global input data for ST-GPR. 

Table 3b -GPR model covariates 

Covariate Exponentiated beta Standard error 

Socio-demographic Index -0.12 1.69 

Safe water -2.89 0.66 

Sanitation -2.40 0.82 

 

 

Figure 2: ST-GPR estimates for Tanzania (5- to 20-year-olds, both sexes) for years 1990に2017. Black dots 

represent input data points, with the black lines indicating variance. The green line represents the mean 

GPR estimated values, with uncertainty shown by the green polygon. The blue line indicates the space-

time component of the ST-GPR; the red line indicates the linear regression component derived from 

global data. Transparent black dots represent data from other locations in the GBD region (Western sub-

Saharan Africa).  

182



Figures 2 displays the time trends as computed by ST-GPR. For the most part, locations looked similar to 

Tanzania, where we see steady declines in prevalence throughout time. 

Imputation 

The final stage of the overall prevalence modelling process is to impute the remaining age groups by 

borrowing information from the ST-GPR time series for 15- to 19-year-olds and the DisMod global age-sex 

pattern. First, we assign each age group a ratio of how much larger or smaller the prevalence is compared 

to the prevalence for 15- to 19-year-olds using the DisMod global age-sex pattern. More specifically, the 

following is the computation for each age group: 迎欠建件剣 噺  喧堅結懸欠健結券潔結岷銚直勅 鎚痛銚追痛峅痛墜 岷銚直勅 勅津鳥峅喧堅結懸欠健結券潔結怠泰 痛墜 怠苔  

We opted not to use the age-sex curves by location or region, because DisMod performed better at 

disaggregating our heterogeneous data at the global level. With a ratio for every age group by sex, we 

multiplied the ratio by the ST-GPR location-year estimates to impute estimates for the remaining age 

groups. 

Health states/sequelae 

Following computations of location-year-age-sex-specific prevalence of hookworm, we leverage 

information from the 2010 EG data to conduct sequelae splits. The 2010 EG data provided estimates for 

heavy infestation, mild abdominopelvic problems, and asymptomatic hookworm by location and for 1990, 

2005, and 2010. These three values add up to all cases of hookworm. Thus, for heavy infestation and mild 

abdominopelvic problems, we computed the proportion of cases that belong to our sequelae of interest 

over all cases of hookworm. More specifically, the following is the computation by heavy infestation and 

mild abdominopelvic problems: 鶏堅剣喧剣堅建件剣券鎚勅槌通勅鎮銚勅 噺  喧堅結懸欠健結券潔結鎚勅槌通勅鎮銚勅喧堅結懸欠健結券潔結銚鎮鎮 頂銚鎚勅鎚  

This calculation was done for every location, year, and age group available. Because the EG data only had 

four age groups (0-4, 5-9, 10-14, 15+ years), we applied the 15+ age group proportion for all remaining 

age groups. In addition, for 1995 and 2000 we applied the 1990 proportions, and for 2017 we applied the 

2010 proportions. Using these location-year-age specific proportions, we multiplied the total hookworm 

estimates to compute heavy infestation and mild abdominopelvic prevalence. To estimate the prevalence 

of asymptomatic hookworm, prevalence of mild and heavy infestation was subtracted from the overall 

hookworm prevalence. 

The final step in the modelling process was to estimate the prevalence of severe wasting due to 

hookworm in age groups 28に364 days and 1に4 years. This was done separately using 1,000 draws of 

prevalence of heavy infestation due to hookworm and the wasting envelope prevalence. The initial step in 

determining prevalence of severe wasting due to hookworm was generating 1,000 draws of change in 

weight-for-height z-score per heavy prevalent case from a random normal distribution with mean = 

0.493826493 and standard deviation = 0.04972834 (calculated from upper and lower bounds of the 

mean estimate). The mean, upper, and lower bounds were based on a published article [2]. The 

prevalence of severe wasting due to hookworm was then obtained as a function of change in weight-for-

height z-score. The following are the computations: 
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鶏堅結懸欠健結券潔結栂銚鎚痛沈津直 鳥通勅 痛墜 朕墜墜賃栂墜追陳 噺  拳欠嫌建件券訣 伐  も岫も貸怠岫wasting岻 伐 z score 茅 heavy infestation岻 

Where も is the standard normal cumulative distribution function and も貸怠 is the inverse standard normal 

cumulative distribution function. Finally, the burden of anaemia due to hookworm disease was estimated 

separately (see anaemia documentation for details). 

 

Changes from GBD 2016 

Significant changes have been made compared to prior GBD cycles in an effort to build a database of 

hookworm data points and to continuously update methodologies. The following changes have been 

made since prior versions of GBD: 

Data に In prior years we used estimates from the 2010 EG data. Here, we transition to utilising a 

comprehensive database of hookworm data points so we may annually update our inputs to 

reflect up-to-date data.  

Age-sex pattern に Given a substantial amount of heterogeneity in our input data, age-sex curves 

were generated from a DisMod model. 

Gaussian process regression に To obtain location-year prevalence estimates, we implemented ST-

GPR methodology consistently across the globe.  

Limitations  

As we attempt to improve the modelling processes for hookworm, we recognise that there are several 

limitations. A substantial limitation is with regard to our data. While the GAHI database represents a 

comprehensive synthesis of hookworm data points, numerous data points were excluded due to our 

specific case definition. We opted to only include studies where Kato-Katz was used to identify infected 

individuals, forcing us to drop a large proportion of the GAHI database. Inclusion of these studies may 

provide substantially more information with regard to our age patterns and time trends. Upcoming GBD 

cycles will explore methods for combining data with idiosyncratic diagnostic tools. 

A secondary limitation to our data is that several included studies are not considered to be nationally 

representative, and therefore, at a location level, the data are highly heterogeneous (Figure 3). Numerous 

studies within the database were conducted in districts or townships, and in some cases the studies were 

done in known areas where prevalence is high. Upcoming GBD cycles will continue to rigorously vet these 

data points and update the database with literature searches. In addition, exploring the use of 

methodologies, such as model-based geostatistics, that implicitly model the spatial heterogeneity with 

this focal condition, are likely necessary. 

Furthermore, we made a large assumption that the global age-sex distributions were applicable to all 

locations. While we believe that prevalence should peak among young adults and slowly decline 

afterward, there is likely variation across regions and locations. Given that our data are either among 

adolescents or all-age, it is very difficult to build an age trend at granular location levels. Thus, we allowed 

DisMod to disaggregate our heterogeneous data in an effort to provide sensible age-sex curves.   

Lastly, we believe that more work needs to be done to improve our sequelae split methods. Since the EG 

data do not provide all estimation years and age groups, several assumptions had to be made. Thus, we 

will explore conducting literature searches to provide novel data points for sequelae estimations. 
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Figure 3: ST-GPR estimates for Nigeria (5- to 20-year-olds, both sexes) for years 1990に2017. Colouration 

and symbols are as stated in caption for Figure 2. 

Figure 3 show the time trend for Nigeria as computed by ST-GPR. For some locations, we estimate this 

fluctuating time trend, which is a function of the heterogeneity in our input data. As explained above, 

some of these data points are representative of townships in Nigeria causing a great deal of 

heterogeneity throughout time. 
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Paragonimiasis 

 
 

Input Data & Methodological Summary 

Case definition 

Human foodborne trematodiases (FBT) is defined as the infection with parasitic worms of the class trematoda, 

which are also known as flukes. Trematodes are transmitted via contaminated food, and infection is highly 

related to food habits. Definitive hosts, including humans, become infected when ingesting viable metacercariae 

by consuming contaminated aquatic products (eg, watercress). In the ICD-10, FBT are listed under code B66 [1]. 

 

FBT is subdivided into six types of FBT (see Table 1): 

 Clonorchiasis 

 Fascioliasis 

 Intestinal fluke 

 Opisthorchiasis 

 Paragonimiasis (normal and cerebral infections) 

 

Table 1. Subtypes of FBT 

 Species of FBT Also known as: Carcinogen 

1 Chlonorchiasis (Chinese) Liver fluke Associated with choliangiocarcinoma 

2 Opisthorchiasis 

(O viverrini & O felineus) 

Liver fluke Associated with choliangiocarcinoma 

(O viverrini) 

3 Fascioliasis Liver fluke No available evidence 
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4 Intenstinal fluke Liver fluke No available evidence 

5 Paragonimiasis Lung fluke   

 

Thresholds for heavy infection and duration by species of FBT 

The majority of people infected with FBTs are asymptomatic. When symptoms do occur, they are often non-

specific. Among the clinical symptomatic group, severity is associated with worm burden, typically measured by 

fecal egg counts, and the duration of infection. The thresholds for heavy infection and duration by species of FBT 

are shown in Table 2. The clinical presentation of FBT depends on the target organs (liver, lung, or intestines). 

Clonorchiasis and opisthorchiasis patients may suffer from loss of appetite, fullness, indigestion, diarrhoea, pain 

in the right upper quadrant, lassitude, weight loss, ascites, and oedema.[2, 3] Cholangitis, obstructive jaundice, 

intra-abdominal mass, cholecystitis, and gallbladder or intrahepatic stones may occur as complications.[3, 4] 

 

Table 2. Thresholds for heavy infection and duration by species of FBT 

 Species of FBT Case thresholds for heavy infection Duration 

1 Chlonorchiasis 10,000 eggs per g of feces lifelong 

2 Opisthorchiasis 10,000 eggs per g of feces lifelong 

3 Fascioliasis 1,000 eggs per g of faces lifelong 

4 Intenstinal fluke 1,000 eggs per g of faces lifelong 

5 Paragonimiasis 100 eggs per 5 ml sputum lifelong 

6 Cerebral paragonimiasis Any infection of the brain with flukes and/or eggs of 

Paragonimus spp. 

lifelong 

 

Input data 

Model inputs 

For GBD 2010, the data came from the expert group and is the result of their analysis. The expert group analysis 

used the results of a systematic literature review performed by Furst and colleagues as a starting point for the 

analysis.[5] Furst and colleagues searched PubMed, WHOLIS, FAOBIB, Embase, CAB Abstracts, Literatura Latino 

Americana e do Caribe em Ciências de Saùde (LILACS), ISI Web of Science, BIOSIS preview, Science Direct, African 

Journals OnLine (AJOL), and the System for Information on Grey Literature in Europe (SIGLE), period Jan 1, 1980, 

to Dec 31, 2008. The initial number of studies identified through the literature review was ~34,000 references. 

The literature review included extracted data from 181 studies. For GBD 2013 and GBD 2015, the search 

strategy was replicated to capture epidemiological studies published between 2008 and 2015.  

Input data for the assessment of the total national number of infected people  
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Only studies that used countrywide surveys to estimate the national prevalence rates were included (or for 

China, province-wide surveys). Reason for choosing only national studies is that FBT shows a highly focal spatial 

distribution and local cross-sectional surveys would profoundly under- or overestimate true national 

prevalences. We decided not to model national and subnational together and get a coefficient on subnational, 

because there is not a one-fits-all relationship across the world. Infection is highly related to food habits, and 

there are highly varying differences between national and subnational prevalence rates. The final GBD 2016 

dataset contained 29 prevalence studies from 17 countries. We used raw data from the selected studies as input 

for DisMod. 

Prevalence of intestinal fluke infection 

Intestinal fluke is different from the other types of FBT, because there are several pathogens that fall under 

intestinal fluke infection. It can be caused by pathogens, such as Metagonimus spp., Echinostoma spp., and 

Neodiplostomatidae.[6] When assessing the prevalence of intestinal fluke infection, we added the identified 

prevalence for each parasite species in order to obtain the overall prevalence of intestinal fluke infections. This 

approach may lead to a certain overestimation of the true prevalence, because people may be co-infected with 

more than one intestinal fluke species. There is no sufficient evidence about the proportion of co-infections, but 

the resulting overestimation of the true prevalence may be more than offset by the assumptions made in our 

previous modelling approach and the many challenges in generating the underlying epidemiological parameters 

(eg, diagnostic inaccuracy in the detection of infections with the more than 50 intestinal fluke species). Also of 

note: the transmission source of intestinal fluke infections are species-specific and therefore vary. For instance, 

Fasciolopsis buski is usually transmitted by eating raw water plants with the infective parasite stage attached to 

the water plants, whereas Neodiplostomatidae are transmitted by eating undercooked and infested frogs, 

snakes, and tadpoles. Because of these different transmission pathways, the rate of co-infection might in fact be 

smaller than expected. 

Input data to differentiate between asymptomatic and heavy infections 

We estimated the proportion of heavily infected among all infected in all available national and regional cross-

sectional surveys. It is expected that heavy infection increases with age and there are data available on heavy 

infection by age group. We therefore decided to include age-dependent rates of heavy infection for 

clonorchiasis, opisthorchiasis, and intenstinal fluke infection. For (cerebral) paragonimiasis and fascioliasis there 

were not sufficient age-dependent data on high intensity FBT infection.  

 

Total data inputs に Chlonorchiasis 

  Prevalence 

Site-years (total) 121 

Number of countries with data 4 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 3 

 
Total data inputs に Fascioliasis 

  Prevalence 

Site-years (total) 65 

Number of countries with data 8 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 4 
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Total data inputs に Intestinal flukes 

  Prevalence 

Site-years (total) 101 

Number of countries with data 7 

Number of GBD regions with data (out of 21 regions) 5 

Number of GBD super-regions with data (out of 7 super-regions) 4 

 

Total data inputs に Opisthorchiasis 

 

  Prevalence 

Site-years (total) 10 

Number of countries with data 5 

Number of GBD regions with data (out of 21 regions) 3 

Number of GBD super-regions with data (out of 7 super-regions) 2 

 

 

Total data inputs に Paragonimiasis 

 

  Prevalence 

Site-years (total) 74 

Number of countries with data 5 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 3 

 
Total data inputs に Cerebral paragonimiasis 

 

  Prevalence 

Site-years (total) 4 

Number of countries with data 2 

Number of GBD regions with data (out of 21 regions) 2 

Number of GBD super-regions with data (out of 7 super-regions) 2 

 
 

Modelling strategy 

We used a three-step process for the disease modelling of FBT. In the first step we used DisMod-MR 2.0 to 

estimate the prevalence of FBT by age, sex, year, and country. In the second we differentiated between 

asymptomatic and heavy infections. MetaXL (a meta-analysis add-in for Microsoft Excel) was used to estimate 

the proportion of heavily infected among all infected by age group for clonorchiasis, opisthorchiasis, and 

intenstinal fluke infection (see Table 3 and 4). These proportions were used to estimate the prevalence of heavy 

FBT infection.  

The third step consisted of deselecting countries that have no autochtonous case reports of FBT (input 34,000 

references from literature review).  
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Table 3. Percentage of high-intensity infection by age group and type of FBT (based on eight FBT prevalence 

studies) 

Age 

category 

Clonorchiasis Opisthorchiasis Intestinal fluke infection 

Mean Low High Mean Low High Mean Low High 

0-9 30% 17% 44% 10% 0% 29% 8% 3% 14% 

10-19 15% 0% 43% 15% 0% 69% 11% 8% 14% 

20-29 18% 10% 29% 16% 0% 52% 18% 15% 21% 

30-39 17% 5% 34% 21% 0% 56% 22% 17% 28% 

40-49 22% 13% 32% 28% 1% 68% 22% 13% 32% 

50-59 18% 0% 49% 29% 0% 75% 17% 9% 28% 

60+ 32% 18% 47% 25% 0% 64% 15% 8% 23% 

 

 

Table 4. Percentage of high-intensity infection by type of FBT (based on four FBT prevalence studies) 

Type of FBT 

 

Mean Low High 

Paragonimiasis 23% 0% 59% 

Fascioliasis 19% 3% 41% 

 

Cerebral paragonimiasis 

It was assumed that 0.8% of paragonimiasis cases have cerebral involvement. This proportion was used to 

estimate the prevalence of cerebral paragonimiasis. This proportion is based on one study. The data are from Oh 

SJ. The rate of cerebral involvement in paragonimiasis: an epidemiologic study. Jpn J Parasitol 1969;18:211-14. 

The study was performed in Paju, South Korea. This is an area with 6,738 inhabitants, and according to the 

survey, it was estimated that 29.6% of all individuals would react to intradermal test (= an immunological 

reaction indicating previous or current contact with デｴW ヮ;ヴ;ゲｷデWぶく ヲヵХ ﾗa ;ﾉﾉ さヮﾗゲｷデｷ┗W ヴW;Iデﾗヴゲざ ﾏ;┞ ｴ;┗W Wｪｪゲ ｷﾐ 
their sputum (= active infection with the parasite currently present in the human host). If these rates are applied 

to the community as a whole, the number of patients with active paragonimiasis would be at least 498 

(=6,738*0.296*0.250). Furthermore, four cases of cerebral paragonimiasis were found in this community. 

Therefore, four out of 498 individuals with active paragonimus infection suffered from cerebral infection 

(=0.80%; 95% confidence interval 0.019%に1.587%).  

Severity splits and disability weights 

For GBD 2016, FBT was not split into health states with different severities. The table below shows the GBD 2016 

disability weights that were used to calculate the burden of FBT in YLDs. 

  

Table 5. Disability weights that were used to calculate FBT YLDs 

Sequelae  Severity description Health state name Disability weight 

Asymptomatic 

clonorchiasis 

Clonorchiasis, currently without 

symptoms 

N/A 0.000 (0.000に0.000) 
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Heavy 

clonorchiasis 

Abdominal pain and nausea reported as 

moderate 

Abdominopelvic problem, 

moderate 
0.114 (0.078に0.159) 

Asymptomatic 

opisthorchiasis 

Opisthorchiasis,  currently without 

symptoms 

N/A 0.000 (0.000に0.000) 

Heavy 

opisthorchiasis 

Abdominal pain and nausea reported as 

moderate 

Abdominopelvic problem, 

moderate 
0.114 (0.078に0.159) 

Asymptomatic 

fascioliasis 

Fascioliasis, currently without 

symptoms 

N/A 0.000 (0.000に0.000) 

Heavy 

fascioliasis 

Abdominal pain and nausea reported as 

moderate 

Abdominopelvic problem, 

moderate 
0.114 (0.078に0.159) 

Asymptomatic 

intestinal fluke 

infection 

Intestinal fluke infection, currently 

without symptoms 

N/A 0.000 (0.000に0.000) 

Heavy intestinal 

fluke infection 

Abdominal pain and nausea reported as 

moderate 

Abdominopelvic problem, 

moderate 
0.114 (0.078に0.159) 

Asymptomatic 

paragonimiasis 

Paragonimiasis, currently without 

symptoms 

N/A 0.000 (0.000に0.000) 

Heavy 

paragonimiasis 

Cough, fever, and weight loss Tuberculosis, not HIV-infected 0.333 (0.224に0.454) 

Cerebral 

paragonimiasis 

Epilepsy due to cerebral paragonimiasis Epilepsy, less severe (seizures 

< once per month) 
0.263 (0.173に0.367) 

  
Epilepsy, severe (seizures >= 

once per month 
0.552 (0.375に0.710) 

Note. N/A: not applicable 

 

Changes from GBD 2016 to GBD 2017 

We conducted an abbreviated literature search based on citations included in published reviews (5) and 

recommendations by Dr. Thomas Furst. We completed extractions for all but five records during the allotted 

timeline. Sources were unable to be extracted due to language barriers and lack of detailed citation information. 
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Leprosy 

 

Input Data and Methodological Summary 

Case definition 

Leprosy is a chronic bacterial infection caused by Mycobacterium leprae, primarily affecting the nervous 

system, skin, respiratory tract, and eyes. Transmission is facilitated through contact with fluid from the 

nose and mouth of an infected individual. The ICD-10 code for leprosy is A30.9.  

Input data  

To model non-fatal outcomes due to leprosy, WHO Weekly Epidemiological Record (WER) case 

notification data were used from 1987 to 2016 to capture incident cases of leprosy. Stage-specific 

incidence data for grade 1 and grade 2 leprosy that are used to define age-sex patterns came from Brazil 

case notification data.  

Table of data counts for leprosy incidence data 

  Incidence 

Site-years (total) 1,374 

Number of countries with data 147 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-

regions) 7 
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Table of data counts for leprosy grade inputs に grade 1 

  Prevalence 

Site-years (total) 12 

Number of countries with data 1 

Number of GBD regions with data (out of 21 regions) 1 

Number of GBD super-regions with data (out of 7 super-regions) 1 

 

Table of data counts for leprosy grade inputs に grade 2 

  Prevalence 

Site-years (total) 710 

Number of countries with data 121 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-

regions) 6 

 

Modelling strategy 

We used a multi-step process for the disease modelling of leprosy. In the first step, we ran a single-

parameter model using DisMod-MR 2.1 to estimate the leprosy incidence age pattern by age, sex, year, 

and country. Then, we scaled the incidence outputs to the WHO WER cases, and used the ordinary 

differential equations (ODE) solver to calculate prevalence from the scaled DisMod-MR 2.0 incidence 

outputs.  

Severity data were prepared by running a generalised ordered logistic regression using Brazil case 

notification data to get the relationship between leprosy incidence and grade 1 and grade 2 incidence by 

age and sex. We then used this relationship to split the parent DisMod-MR 2.1 model, and again scaled to 

WHO WER severity-specific cases. For disfigurement grade 1, we apply a duration of six months to get 

prevalence estimates. For disfigurement grade 2, we again use the ODE solver to get prevalence 

estimates.  

Model evaluation was done by separately assessing the fit of the parent DisMod model and checking the 

final estimates produced after age-sex splits. Plots of time trends of prevalence across locations and age 

were used to evaluate the results. In addition, maps of the global distribution of leprosy prevalence and 

prevalence of sequelae due to leprosy were also assessed across time. 

Changes from GBD 2016 to GBD 2017 

We extracted WHO WER data from 2013 to 2016 to update prevalence and incidence estimates. 
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Input data and methodological summary 

 

Background and case definition 

Ebola virus is a relatively rare viral pathogen linked with high case fatality rates in both humans and non-

human primates. The disease is zoonotic, and while bats have been implicated as reservoirs, definitive 

host species are yet to be identified. Once a human becomes infected after viral transmission from animal 

sources either directly or indirectly, secondary human-to-human transmission is possible, primarily 

through exchange of infectious bodily fluids and secretions. Clinical cases typically present initially as a 

febrile illness, similar to a number of different pathogens, which can be subsequently followed by 

haemorrhagic complications and death. Historically there have been a number of outbreaks, usually no 

more than a few hundred cases, typically constrained to one country, focused in Central Africa. The West 

African outbreak, however, which started in Guinea in 2013, claimed more lives than all previous 
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outbreaks combined, and spread across the region seeding additional outbreaks. There is an ICD code for 

Ebola, A98.4, but no data used in the modelling reference that coding (ie, all the data are from literature 

extractions). Data for Ebola virus disease were only included if the case was identified as either 

さヮヴﾗH;HﾉWざ ﾗヴ さIﾗﾐaｷヴﾏWSざ ;ゲ ヮWヴ WHO SWaｷﾐｷデｷﾗﾐゲ 
[http://www.who.int/csr/resources/publications/ebola/ebola-case-definition-contact-en.pdf]. A 

confirmed case is any suspected or probable case with a positive laboratory result through either 

detection of virus RNA via reverse transcriptase-polymerase chain reaction, or by detection of IgM 

antibodies directed against Ebola. A probable case is any suspected case evaluated by a clinician or any 

deceased suspected case with an epidemiological link to a confirmed case.  

  

Input data 

 Model inputs 

Two distinct sequelae were assigned to Ebola virus disease (EVD) to be incorporated into the YLD 

estimation process: (i) sequela associated with the initial symptomatic phase of the infection (associated 

with all cases of Ebola virus disease) and (ii) sequela characterising the long-term post-EVD consequences 

of infection. As such, data were required both to ascertain the number of deaths as well as those 

surviving from each outbreak. 

Data on fatal cases were inherited from the GBD 2017 mortality estimation process and were converted 

into incidence of cases of Ebola (with fatal outcomes) by cross-referencing locational annualised 

population estimates. 

In order to calculate the numbers of survivors from each outbreak, two data sources were referenced, 

one based upon modelled estimates of the main three countries in the West African Ebola outbreak 

(namely Sierra Leone, Liberia, and Guinea), supplemented by WHO Situation Reports covering the 

clusters of 2016 cases and literature references covering all other subsequent outbreaks. 

Researchers from Imperial College London (UK), as part of the WHO Ebola response team, provided 

modelled estimates for the number of fatalities that result from a given number of reported cases 

(provided by line lists from WHO). This method was used in a variety of papers to generate baseline 

estimates of case fatality rates and other key epidemiological measures while correcting for the lag period 

between initially reporting a case and the final outcome of that case (whether it be death or survival). The 

full data cleaning and methodology are reported elsewhere.1,2 Age-sex patterns derived from this analysis 

were applied to total envelope estimates as reported by WHO and CDC. Raw number of survivors were 

estimated by subtracting total deaths as reported by WHO and CDC from total cases. 

For all other outbreaks, numbers of survivors were directly evaluated based upon numbers published in a 

previous review3,4 and consulting original documents describing these outbreaks. This initial review was 

also updated to include the outbreak that occurred in the Democratic Republic of the Congo in 2014,5 and 

cases in 2016 and 2017. This resulted in datasets describing each outbreak with variable degrees of detail: 

some fully describing the age and sex breakdown of all survivors [eg, Rosello et al.6] and others simply 

providing the final total. Only confirmed or probable cases were included as per the case definition. 

Outbreaks that spanned multiple years, in the absence of sufficient data providing an accurate 

breakdown, were apportioned between the years by evenly assigning a uniform number of survivors to 
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W;Iｴ ﾏﾗﾐデｴ ﾗa デｴW ﾗ┌デHヴW;ﾆげゲ duration. An additional search was conducted to identify imported cases 

from the West African outbreak during 2014 and 2015. 

Table 1. Sequelae and disability weights (DWs) associated with Ebola 

Sequelae Description Disability weight 

Infectious disease, acute 

episode, severe 

Has a high fever and pain and 

feels very weak, which causes 

great difficulty with daily 

activities 

 

0.133 (0.088に0.19) 

Infectious disease, post-acute 

consequences (fatigue, 

emotional lability, insomnia) 

Is always tired and easily upset. 

The person feels pain all over 

the body and is depressed 

0.219 (0.148に0.308) 

 

It was not possible to create bespoke disability weights for the more specific sequelae often associated 

with Ebola virus disease (eg, haemorrhaging or ocular complications in survivors), so existing disability 

weights were co-opted. General high fevers and weakness characterise the majority of presenting cases7 

with long-term complications generally related to weakness and arthralgia.8 

 

Modelling strategy  

Data on cases (both survivors and fatalities) resulting from imported cases from 2014 and 2015 were 

used as specific count data as it was assumed to be an accurate representation of the cases and 

outbreaks in these countries, all of which were on high alert for importation of cases.9,10 

The other input data were processed prior to inclusion in GBD to account for any potential 

underreporting of deaths. A meta-analysis of existing underreporting studies from the literature was 

performed, using a random effects model with a DerSimonian-Laird estimator. A variety of sources were 

included, capturing a number of different estimation processes, all identified by literature review. The 

figure below shows the different effect sizes of the different studies, as well as the resulting GBD 2016 

(used in GBD 2017) correction factor, with the GBD 2015 correction factor for reference. The correction 

factor ranged from 1.5147 to 2.5720 with a mean of 2.0433. 
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In order to capture this potential variation, all input data were multiplied by the lower and upper limit of 

this estimated correction factor; these numbers then provided the lower and upper bounds from which 

draw values were taken. For outbreaks where no data were supplied for age and/or sex, the pattern 

observed in the West African outbreak (for which there were the most comprehensive data) was used to 

apportion these total values. 

One thousand draws were taken from a normal distribution fitted between these lower and upper bound 

values, which generated mean estimates stratified by age, sex, location, and year along with credible 

intervals for these numbers. For the West African outbreak, this generated total case numbers, from 

which the estimated number of deaths was subtracted in order to provide an estimate for the total 

number of survivors. For all other outbreaks, this data processing directly estimated the total number of 

survivors from each outbreak. These count data were converted into prevalence estimates by cross-

referencing estimates of population size. 

In order to estimate the duration of the sequelae categories, previous modelled assessments of the West 

African outbreak were consulted.1,2 The duration of initial infection for patients was calculated as the 

total time period between onset of symptoms to death or to discharge from hospital (8.2 days [7.9に8.4] 

and 15.1 [14.6に15.6], respectively). These time periods were assumed to be appropriate for 
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characterising all other outbreaks. This time period was then assigned a disability weight corresponding 

デﾗ さｷﾐaWIデｷﾗ┌ゲ SｷゲW;ゲWが ;I┌デW WヮｷゲﾗSWが ゲW┗WヴW.ざ 

For long-term sequelae estimation, the proportion of survivors still suffering post-acute consequences 

was modelled using an exponential function with proportions of survivors still reporting poor health 

states (derived from a number of survivor studies8,12に21) reported over different time periods. The average 

duration of post-Ebola sequelae was then calculated as 0.9042 years (0.3673に1.4268). 

The final combination of YLDs associated with prevalent initial onset of disease and prevalent post-EVD 

consequences was then calculated to provide an overall YLD estimate stratified by age, sex, location, and 

year. Estimates were provided for the years 1990, 1995, 2000, 2005, 2010, 2015, and 2016 as per non-

fatal GBD estimation protocols. 

 

Potential limitations 

Data on Ebola outbreaks prior to 2014 are sparse, and as a result many values derived from the West 

African outbreak were assumed to be valid for historical outbreaks as well. This may mask significant 

differences that exist between these outbreaks, some of which were caused by different species of Ebola 

virus. In order to minimize this problem, we chose to implement a data-driven approach に for those 

outbreaks where sufficiently detailed historical data could be obtained, this was used in preference to any 

assumed age/sex breakdown.  

Haemorrhagic manifestations are currently not considered as an explicit health state for disability 

weighting, and as a result, the current classification (of infectious disease, acute episode, severe) may be 

an underestimate. In contrast, the post-Ebola disease sequelae disability weighting may overestimate this 

burden, particularly when applied over a long period of time. In both instances, however, these disability 

weightings represent the most relevant linkages in the absence of bespoke values being generated. 

Due to so few historical survivors of Ebola virus disease, only a handful of studies have tracked the long-

term sequelae among cohorts of survivors beyond a two-year period. Given the large number of survivors 

from the West African outbreak, it is likely that future parameterization of this component will become 

much better data-driven. The current log-linear regression model extends for a period of 20 years and 

therefore could prove to be an overestimate of duration. In addition, ocular manifestations are not 

currently considered within the sequelae envelope に future iterations will consider health states 

identified by ongoing cohort analyses of Ebola survivors. Comments from collaborators in previous cycles 

have highlighted ocular conditions for inclusion; however, definitive evidence of a linkage with Ebola 

remains inconclusive. A study (conducted in West Africa) comparing Ebola survivors with background 

prevalence rates of many of the symptoms reported in survivors (eg, uveitis), suggested no difference in 

rates of these ophthalmic complications22. Understanding which of the many observed clinical outcomes 

in patients are caused by the virus, as opposed to incidentally co-morbid, is a necessary prerequisite for 

inclusion in the GBD. 

References 

1 Agua-Agum J, Ariyarajah A, Aylward B, et al. West African Ebola Epidemic after One Year ね 

Slowing but Not Yet under Control. N Engl J Med 2015; : 584に7. 

2 Ebola Virus Disease in West Africa - The First 9 Months of the Epidemic and Forward Projections. N 

201



Engl J Med 2014; : 1481に95. 

3 Pigott DM, Golding N, Mylne A, et al. Mapping the zoonotic niche of Ebola virus disease in Africa. 

Elife 2014; 3: e04395. 

4 Mylne A, Brady OJ, Huang Z, et al. A comprehensive database of the geographic spread of past 

human Ebola outbreaks. Sci Data 2014; 1: 140042. 

5 Maganga GD, Kapetshi J, Berthet N, et al. Ebola virus disease in the Democratic Republic of Congo. 

N Engl J Med 2014; 371: 2083に91. 

6 Rosello A, Mossoko M, Flasche S, et al. Ebola virus disease in the Democratic Republic of the 

Congo, 1976-2014. Elife 2015; 4. DOI:10.7554/eLife.09015. 

7 Schieffelin JS, Shaffer JG, Goba A, et al. Clinical Illness and Outcomes in Patients with Ebola in 

Sierra Leone. N Engl J Med 2014; : 2092に100. 

8 Tiffany A, Vetter P, Mattia J, et al. Ebola Virus Disease Complications as Experienced by Survivors in 

Sierra Leone. Clin Infect Dis 2016; : 1360に6. 

9 Fasina FO, Shittu A, Lazarus D, et al. Transmission dynamics and control of Ebola virus disease 

outbreak in Nigeria, July to September 2014. Euro Surveill 2014; : 20920. 

10 Althaus CL, Low N, Musa EO, Shuaib F, Gsteiger S. Ebola virus disease outbreak in Nigeria: 

Transmission dynamics and rapid control. Epidemics 2015; : 80に4. 

11 UNMEER. Sierra Leone: Ebola emergency Weekly Situation Report No. 7. 2014 

https://www.humanitarianresponse.info/system/files/documents/files/UNMEER_NERC_SitRep_07

Dec.pdf. 

12 Clark D V, Kibuuka H, Millard M, et al. Long-term sequelae after Ebola virus disease in Bundibugyo, 

Uganda: a retrospective cohort study. Lancet Infect Dis 2015; : 905に12. 

13 Qureshi AI, Chughtai M, Loua TO, et al. Study of Ebola Virus Disease Survivors in Guinea. Clin Infect 

Dis 2015; : 1035に42. 

14 Rowe AK, Bertolli J, Khan AS, et al. Clinical, virologic, and immunologic follow-up of convalescent 

Ebola hemorrhagic fever patients and their household contacts, Kikwit, Democratic Republic of the 

Congo. Commission de Lutte contre les Epidémies à Kikwit. J Infect Dis 1999; 179 Suppl: S28-35. 

15 Bwaka MA, Bonnet MJ, Calain P, et al. Ebola hemorrhagic fever in Kikwit, Democratic Republic of 

the Congo: clinical observations in 103 patients. J Infect Dis 1999; 179 Suppl: S1-7. 

16 Mohammed H, Vandy AO, Stretch R, et al. Sequelae and Other Conditions in Ebola Virus Disease 

Survivors, Sierra Leone, 2015. Emerg Infect Dis 2017; : 66に73. 

17 Nanyonga M, Saidu J, Ramsay A, Shindo N, Bausch DG. Sequelae of Ebola Virus Disease, Kenema 

District, Sierra Leone. Clin Infect Dis 2016; : 125に6. 

18 Mattia JG, Vandy MJ, Chang JC, et al. Early clinical sequelae of Ebola virus disease in Sierra Leone: 

a cross-sectional study. Lancet Infect Dis 2016; : 331に8. 

19 Epstein L, Wong KK, Kallen AJ, Uyeki TM. Post-Ebola Signs and Symptoms in U.S. Survivors. N Engl J 

Med 2015; : 2484に6. 

20 Etard J-F, Sow MS, Leroy S, et al. Multidisciplinary assessment of post-Ebola sequelae in Guinea 

(Postebogui): an observational cohort study. Lancet Infect Dis 2017. DOI:10.1016/S1473-

3099(16)30516-3. 

202



21 Scott JT, Sesay FR, Massaquoi TA, Idriss BR, Sahr F, Semple MG. Post-Ebola Syndrome, Sierra 

Leone. Emerg Infect Dis 2016; : 641に6. 

22 Steptoe, PJ, Scott JT, Baxter, JM, et al. Novel retinal lesion in Ebola survivors, Sierra Leone, 2016. 

Emerg Infect Dis 2017; : 1102-9 

   

 

203



Zika 
 

 
 

 

Input data 

Data on cases of acute Zika and Congenital Zika Syndrome (CZS) come from official reports, primarily 

from the Pan American Health Organization (PAHO).  

 

Modelling strategy 

We estimate the all-age incidence of symptomatic Zika as the product of reported Zika cases and 

country-specific expansion factors that adjust for underreporting. Those expansion factors are derived 

from our dengue model, and the methods used for their estimation are detailed in the dengue model 

documentation and by Stanaway and colleagues.(1) A subset of incidence data were age/sex-specific, 

and we used a mixed-effects negative binomial model with cubic splines on age and interaction terms 

with sex to estimate the age/sex distribution of cases. We then split total incidence based on the 

age/sex-distribution model to estimate the incidence of symptomatic Zika by location, year, age, and 

sex. 

 

We conducted a meta-analysis of three studies(2に4) to estimate the proportion of all Zika infections that 

are symptomatic. We estimate that 41% of Zika infections are symptomatic (14に68%), with 59% being 

asymptomatic. We then estimated incidence of asymptomatic infections as 荊銚鎚槻陳椎 噺 荊鎚槻陳椎鶏堅鎚槻陳椎 伐 荊鎚槻陳椎 

Where Iasymp is the incidence of asymptomatic infections, Isymp is the incidence of symptomatic Zika, and 

Prsymp is the proportion of infections that are symptomatic (ie, 41%). 

 

We assume that the incidence of Zika among pregnant women equals the incidence of Zika among all 

women, within a given location, year, and age group. We then estimate the number of pregnant women 

infected with Zika as the product of incidence of Zika and the number of pregnant women in every 

location, year, and age group. Finally, we used an intercept only, mixed-effects Poisson regression 

model, with random effects on location, the number of at-risk births as the exposure term, and the 
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number of reported CZS cases as the outcome to estimate proportion of at-risk births (ie, those in which 

the mother was infected with Zika during pregnancy) resulting in CZS. 

 

 

Changes from GBD 2016 to GBD 2017 

We have made no substantive changes in the modelling strategy from GBD 2016 to GBD 2017. 
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Dracunculiasis (Guinea worm)  
 

 

 

Background 

Guinea-worm disease is caused by the parasitic worm Dracunculus medinensis. The transmission cycle 

begins when Guinea worm larvae are released in stagnant water (e.g., ponds, lakes, open wells) where 

they are ingested by freshwater copepods (small crustaceans sometimes called water fleas) of the genus 

Cyclops [1].  When a person consumes water containing Cyclops, the copepods are dissolved by gastric 

acids and intestinal enzymes and the larvae are released. Larvae then migrate through the intestinal wall 

and travel to the connective tissues. The larvae mature and mate 60に90 days after infection; shortly 

thereafter, the male dies and the pregnant female worm continues to move through the victimげs 

connective tissues. Approximately 10に14 months post-infection, the adult worm creates a painful burning 

blister on the skin that develops and enlarges over several days, usually from the feet or lower limbs. 

Blister formation may be preceded by a slight fever, itchy rash, nausea, vomiting, and diarrhoea. To 

ヴWﾉｷW┗W デｴW ヮ;ｷﾐ ;ゲゲﾗIｷ;デWS ┘ｷデｴ デｴW ┘ﾗヴﾏげゲ WﾏWヴｪWﾐIWが ｷﾐaWIデWS ヮWヴゲﾗns immerse the infected part of 

their body in local stagnant water sources, such as ponds. Upon entering the water, the female worm will 

expel her larvae and the cycle can begin again [1-4]. 

 

The global campaign to eradicate Guinea worm began in 1980, when the US Centers for Disease Control 

and Prevention (CDC) suggested that Guinea worm eradication would be an ideal indicator of the success 

of the International Drinking Water Supply and Sanitation Decade of 1981に1990; in 1981, Guinea worm 

eradication was adopted as a sub-goal of this United Nations advocacy effort [1, 5]. In 1986, the World 

Health Assembly adopted a resolution to eliminate Guinea worm disease, and since then, the Carter 

Center has led a coalition that includes ministries of health of endemic countries, CDC, the World Health 

Oヴｪ;ﾐｷ┣;デｷﾗﾐ ふWHOぶが デｴW UﾐｷデWS N;デｷﾗﾐゲ CｴｷﾉSヴWﾐげゲ F┌ﾐS ふUNICEFぶが デｴﾗ┌ゲ;ﾐSゲ ﾗa village volunteers, and 

supervisory staff supported by numerous donors [5].    
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To break the cycle of transmission, ministries of health in endemic countries implement a suite of 

interventions: case detection and containment, provision of safe water sources, distribution of filter 

cloths and pipe filters, water source treatment with Abate® (a larvacide), and health education.   

 

By design, the Guinea worm eradication programmatic infrastructure covers the entire at-risk population 

in endemic countries. Since case containment[6] is a key intervention designed to not only interrupt 

transmission but also monitor progress toward eradication, incident cases of Guinea worm disease are 

nationally representative. To implement case containment as an intervention, all cases of Guinea worm 

disease are identified. Containment is defined as detection within 24 hours of the wormげs emergence; the 

patient did not contaminate any water source; the patient received proper wound care and health 

education on not entering any water source; a supervisor verified the case as dracunculiasis within seven 

days; and Abate® is used if there is any uncertainty about contamination of water sources or known 

contamination of water sources [7]. Case reporting occurs at the village level on a monthly basis; case 

data are then aggregated within the national Guinea Worm Eradication Program and reported to WHO. In 

settings where annual case reports are low (suggesting no transmission) or transmission has been 

interrupted, cash rewards are promoted to enhance surveillance activities.  

 

Input Data & Methodological Summary 

Case Definition 

A Guinea worm case is defined as an individual with Guinea worm disease. A person is counted as a case 

only once in a calendar year, ie, when the first Guinea worm emerged from that person, although an 

individual may have more than one worm emerge at a time and/or more than one worm emerge during 

the year. These cases are confirmed through the Guinea worm eradication program infrastructure by 

clinical exam and verification by local supervisors. All specimens from case-patients are sent to the CDC 

for laboratory evaluation and confirmation [7]. 

 

Input data 

Model inputs 

Geographic restrictions 

Only the following countries were identified as guinea-worm endemic as of 1990[8]: Benin, Burkina Faso, 

C;ﾏWヴﾗﾗﾐが CWﾐデヴ;ﾉ AaヴｷI;ﾐ ‘Wヮ┌HﾉｷIが Cｴ;Sが CﾗデW SげI┗ﾗｷヴWが Eデｴｷﾗヮｷ;が Gｴ;ﾐ;が IﾐSｷ;が Kenya, Mali, Mauritania, 

Niger, Nigeria, Pakistan, Senegal, Sudan, South Sudan, Togo, Uganda, and Yemen[8]. Any country not 

reporting Guinea worm as of 1990 is not included in the GBD model.  

Geographic restrictions by year were also implemented to account for the period post-transmission to 

reflect the accomplishments of the Guinea worm eradication campaign. Geographic restriction for 

countries that were endemic in 1990 was defined based on data reported post-interruption of 

transmission. In the GBD analysis, Guinea worm disease was no longer modelled for the year that 

followed the last reported case (imported or indigenous) provided that the subsequent years through 

2017 also had no case reports. To ensure that cases were attributed to burden in the country in which the 

case was detected, both indigenous and imported cases were included. For example, Kenya reported its 

last (imported) case in 2005, and as no other cases were reported through 2017, incidence from 2006 
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onward is zero. For Chad, a country that had years during which no cases were reported, the model 

covers the entire period 1990に2017. 

Data sources  

1) Case data by geography, by year 

2) Literature review of age/sex distribution 

3) Literature review for sequelae (type, duration, and proportion) 

 

Case data: Annual case data were reported by WHO in the Weekly Epidemiological Record for the period 

1990に2017. For years or geographies for which WER reports were not published, the following sources 

were also used to extract case counts: 

1) CDCげゲ MMW‘ ヴWヮﾗヴデゲ 

2) 1990に1999 total country reports from Hopkins et al[8] 

3) India subnational estimates: India MOH report (1984に1999) 

4) TｴW C;ヴデWヴ CWﾐデWヴげゲ G┌ｷﾐW; ┘ﾗヴﾏ wrap-up: disaggregation of case totals for Sudan and South 

Sudan pre-2011 (independence) to ensure case totals from 1990に2010 are consistent with 

current national boundaries; 2016 provisional case data.  

The number of cases annually was compared to official total numbers published in WER 2016 to ensure 

accuracy of data entry.  

Table of incident case data counts 

  Incidence 

Site-years (total) 816 

Number of countries with data 21 

Number of GBD regions with data (out of 21 regions) 5 

Number of GBD super-regions with data (out of 7 super-regions) 3 

 

Subnational data 

India: Subnational data for India were obtained from the Ministry of Health for the period 1984に1999; 

cases were reported by year and state: http://www.ncdc.gov.in/index2.asp?slid=329&sublinkid=216. 

Kenya: Subnational data from Kenya were requested from the MOH but not obtained. To split cases by 

subnational unit, the Carter Center Guinea Worm Wrap-Up was reviewed to identify districts with 

endemic villages. A national survey conducted 1993/1994 found cases in Turkana and West Pokot 

counties, but case totals were not reported by county. Indigenous transmission was interrupted in 1995, 

with imported cases reported until 2005. WER reports from 1999 to 2006 document that all imported 

cases from 1998 to 2005 occurred in Turkana County. All cases in Kenya are currently analysed in GBD as 

occurring in Turkana County as we are unable to disaggregate the data.  
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Accounting for possible under-reporting  

Once national eradication programs were initiated, national case searches were conducted to improve 

the accuracy of national case estimates. These searches were designed to enumerate prevalent Guinea 

worm disease cases and identify endemic villages to direct intervention and surveillance activities. For the 

majority of years included in the GBD analysis, the total number of Guinea worm cases reported is 

equivalent to a national census, as all cases are identified and reported. Nevertheless, not all endemic 

countries were able to initiate full national surveillance as of 1990.   

 

The model does not account for the possibility that cases occurred in communities that were not included 

in routine surveillance or did not achieve 100% reporting coverage over time. However, any cases that 

may have been undetected would likely not have been a significant increase over annual totals given the 

comprehensive nature of Guinea worm disease surveillance activities. Nevertheless, there are years for 

which the annual case data is inconsistent with preceding/following annual case totals and could not be 

accounted for in our model. For example, Niger reported 500 cases in 1992, despite reporting 32,829 

cases in 1991 and 25,346 cases in 1993. In those instances, the following data points were identified as 

outliers and excluded from analysis as follows: 

  

 

Table 1. List of reported case data outliered in the analysis to account for possible under-reporting 

Country Year Reported Cases 

Central African Republic 1996 9 

Central African Republic 1997 5 

Ethiopia 1992 303 

Kenya (Turkana County) 1990 6 

Uganda 1990 4,704 

Uganda* 1992 126,369 

Benin 1991 4,006 

Benin 1992 4,315 

Chad 1992 156 

CﾗデW SげI┗ﾗｷヴW 1990 1,360 

Mali 1990 884 

Mauritania 1992 1,557 

Niger  1992 500 

Senegal 1990 38 

Togo 1990 3,042 

Togo 1991 5,118 

South Sudan* 1996 116,844 

Sudan 1994 132 
*For these two data points, we do not dispute that over 100,000 cases of Guinea worm likely occurred. However, given the 

amount of missing data in the early time series for these two countries, inclusion of these resulted in implausibly high case 

predictions (over 1 million cases in Uganda in 1990 and over 1.5 million for South Sudan from 1990 to 1995).   
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Age/sex distribution 

Generally, the risk of Guinea worm infection varies according to sex- or age-specific differences in access 

to safe drinking water. A study in Ethiopia found women were more likely to experience Guinea worm 

disease than men; in India, men experienced greater risk of infection [1]. Exposure to unsafe water 

sources varies largely on mobility patterns and type of water sources: communities in which infected 

water is carried in for consumption are more likely to see more Guinea worm disease in children and 

older adults [9]. Once interventions to control the spread of Guinea worm infection are implemented, the 

age and sex distribution likely changes to reflect variation in coverage and uptake of eradication 

interventions, such as larvacide of water sources and case-containment rates; age/sex case data are 

currently not available.   

 

Table of age-specific prevalence data inputs 

  Prevalence 

Site-years (total) 7 

Number of countries with data 4 

Number of GBD regions with data (out of 21 regions) 3 

Number of GBD super-regions with data (out of 7 super-

regions) 2 

 

The evidence base available to describe risk of infection by age is as follows: 

1) Studies from Nigeria: 

a. Adeyeba et al [10]: Guinea worm disease not common among children <1 year of age; 

increase in risk by age 

b. Kale et al [11]: More boys ages 5-9 years than girls were infected (11.9% v. 6.8%); 

Women ages 20-29 years had higher prevalence of infection than men (13.4% v. 4.7%); 

Overall, the prevalence in both men and women was highest in ages 10-14 years and 30 

years or older.   

c. Greenwood et al [12]: The mean age of male cases was 25.8 years (95% CI: 23.9, 27.7) 

and 26.9 years for females (95% CI: 23.7, 30.1).   

2) Other countries: 

a. Sudan [13]: No significant age trend among lower-endemicity villages; higher-endemicity 

villages (n=4) had higher prevalence in children and older adults. This study attributes the 

difference in age trends to community-level water source.  

b. Ghana [14]: The trend in age of first infection reported was similar for males and females, 

with more females experiencing first infection between 15 and 19 years and males 

between 20 and 24 years of age. The proportion of men with Guinea worm disease was 

much higher than among women 25-54 years of age. Adults >15 years of age were more 

likely to be infected than children.  
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The evidence base available to describe the risk of infection by gender is as follows: 

1) Studies from Nigeria: 

a. Adeyeba et al [10]: No difference among males and females. 

b. Kale et al [11]: No overall gender difference comparing total males infected to total 

females infected, although gender differences for certain age groups (see notes above). 

c. Greenwood et al [12]: Two-thirds of cases reported among 47 villages from 1971 to 1974 

were male.  

 

WHO Weekly Epidemiological Record (WER) age reports: Age and sex data were reported by country for 

2009 onward; these data capture the age distribution for Chad, Ethiopia, Ghana, Mali, and South Sudan. 

We excluded these data as the age/sex distribution is only described for children <15 years or adults, 

which does not permit fitting an age trend across multiple categories.   

WER sex-specific data: Sex-specific differences in the burden of Guinea worm disease could reflect 

differing levels of access to eradication program interventions, in addition to risk factors associated with 

local transmission dynamics. Since the data reported from 2009 to 2015 are the only available nationally 

representative data, we used the overall sex difference to generate sex-specific incidence and prevalence, 

with females experiencing a slightly higher risk (53%) compared to males (47%): 

Table 2. WHO Weekly Epidemiological Record total worm burden by gender, by year 

Year Female Male Total % Fem % Male 

2009 1699 1490 3189 53% 47% 

2010 976 821 1797 54% 46% 

2011 524 534 1058 50% 50% 

2012 273 269 542 50% 50% 

2013 79 69 148 53% 47% 

2014 63 63 126 50% 50% 

2015 9 13 22 41% 59% 

Total 3623 3259 6882 53% 47% 

 

There is limited evidence to suggest that risk varies jointly by sex and age; however, evidence for this 

modification also suggests that such age- and sex-specific risks may vary by endemic community within a 

given geography (in some settings, women at higher risk, in others men, but not for all age strata). 

Without additional data sources in which cases are disaggregated by age and sex, this joint relationship is 

not modelled.   

To model age-specific variation, we used data from seven studies with age-specific case data to generate 

an age-trend in a DisMod model. We further assumed no Guinea worm disease occurred in infants less 

than 1 year of age.  

Severity splits/sequelae 

Sequelae associated with Guinea worm relate to the ┘ﾗ┌ﾐS ;デ デｴW ゲｷデW ﾗa デｴW ┘ﾗヴﾏげゲ WﾏWヴｪWﾐIW, which 

can include abscesses and chronic ulcerations. Joint and tissue damage can occur, as well as secondary 
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infection in connective tissues [15]. D┌ヴｷﾐｪ デｴW ┘ﾗヴﾏげゲ WﾏWヴｪWﾐIWが ┘ｴｷIｴ デ;ﾆWゲ approximately one month 

to exit the body, the ulcer is painful and itchy [1]. The wound is subject to secondary infection and 

scarring. Possible long-term consequences of Guinea worm infection include arthritis or other permanent 

damage to connective tissues; however, data on this are limited. In the Greenwood study, 41.7% of all 

cases experienced infection at the site of emergence, and the annual proportion of cases with definite 

arthritis ranged from 1.6% to 7.3% of all cases.  

While an individual experiences Guinea worm disease, they are generally unable to work and have limited 

mobility at the time prior and during emergence and in the subsequent period in which they are healing. 

Although most worms emerge in the feet and lower legs, there are reports of worms exiting at other sites 

[15], which could cause other disability not accounted for here. A study in Nigeria found that 98% of 

worms emerged in the lower limbs[16]. The Greenwood study also observed that 88.4% emerged in the 

lower limbs. Therefore, for the purposes of estimating the burden of Guinea worm disease in GBD, all 

disability associated with Guinea worm disease is attributed to lower limb conditions, pain, and lack of 

mobility. Due to limited data, we cannot account for differential disability based on number of worms 

emerging at the same time.  

The following evidence base was reviewed to determine the proportion of cases attributed to each 

sequela, as well as duration of sequelae.  

Duration of disability and type of disability: 

Studies from Nigeria: 

1) Adeyeba et al [10]: 93.4% incapacitated for an average of 26 days. 

2) Smith et al [17]: Average disability duration 12.7 weeks; 58% unable to leave the home for a 

mean duration of 4.2 weeks; duration of disability greater among those older than 50 years 

compared to those younger than 50 years. 

3) Okoye et al [16]: 21% of cases were totally incapacitated due to their infection (not permanently 

disabled). 

4) Kate et al [11]: A survey of 17 villages from 1971 to 1975 found that duration of disability was 

approximately 100 days. 

5) Greenwood et al [12]: Weekly visits to 47 villages from 1971 to 1974 reported mean duration of 

illness ranging from 4.2 weeks to 7.2 weeks. 17.4% of cases had an active infection which 

persisted for 10 weeks or more.  

Other countries: 

6) Benin [18]: From two villages in highly endemic areas, estimated 39-59 days of disability 

experienced after worm emergence. 

7) Ghana [19]: 28.2% experienced pain 12-18 months post-emergence; 5% unable to carry out at 

least one daily activity, 0.5% permanently impaired (ligament damage to thumb). 

8) Ghana [14]: Complete disability experienced among males with Guinea worm disease lasted 

approximately 5 weeks among those untreated. Among cases provided supportive care (wound 

management), the duration of disability was 2.5 weeks.  

For all cases, we assume each experiences pain and disfigurement (level 2), and musculoskeletal 

problems, lower limb (moderate) for a period of one month, followed by two months of pain and 
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disfigurement (mild). We then assume that 30% of all cases will then experience disfigurement level 1 

with itch/pain for an additional nine months (approximately a year of disability) to account for longer-

term disability associated with recovery.    

Table 3. Sequela associated with Guinea worm disease in the Global Burden of Disease study 

Sequela Lay description DW (95% CI) 

Disfigurement, 

level 2, with 

itch/pain 

Has a visible physical deformity that is sore and itchy. Other 

people stare and comment, which causes the person to worry. 

The person has trouble sleeping and concentrating. 

0.188 

(0.125に0.267) 

Disfigurement, 

level 1, with 

itch/pain 

Has a slight, visible physical deformity that is sometimes sore or 

itchy. Others notice the deformity, which causes some worry and 

discomfort. 

0.027 

(0.015に0.042) 

Musculoskeletal 

problems, lower 

limbs, moderate 

Has moderate pain in the leg, which makes the person limp, and 

causes some difficulty walking, standing, lifting and carrying heavy 

things, getting up and down and sleeping. 

0.079 

(0.054に0.11) 

 

Modelling strategy 

Total incidence 

The incidence of Guinea worm disease is modelled in GBD using two approaches: for years and locations 

for which case data were reported, 1,000 draws of incidence were estimated using a beta distribution of 

cases and total population minus cases. For years and locations for which case data were missing (largely 

the early 1990s) a Poisson regression of all case data was implemented per country, using the total 

population as the offset. The predicted incidence and standard error were used to generate a random 

distribution of 1,000 incidence draws. Incidence is multiplied by duration of sequelae to calculate 

prevalence. Country-level incidence predictions are shown in the following figures.  
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Figure 1. Overall comparison of model versus reported cases (excluding outliers) 

 

Sex-specific incidence 

To account for the proportion of cases in females compared to males (53% to 47%), the incidence draws 

were multiplied by the sex proportion and the total population (to estimate number of cases by sex), then 

divided by the sex-specific total population for that year to calculate sex-specific incidence.   

Age-specific incidence 

In order to generate age-specific incidence, a literature search was conducted to identify national and 

subnational data sources in which age-specific prevalence was reported. The only nationally 

representative data available were WER reports from 2009 onward; however, age was only reported as 

less than 15 years of age or older than 15 years of age. In order to generate a trend over the life course, 

eight subnational data sources were identified. The prevalence of Guinea worm disease was extracted by 

age category reported in the original paper. An age trend was then fit using DisMod 2.0, with the 

following model settings: 

Age mesh points: 0 0.01 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 1000 

Drill year: 2000; Drill location: Global; no birth prevalence; 30 year time window 

The age data were used to generate one single-age trend that we assumed applied to all geographies and 

all estimation periods from 1990 to 2017.  
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Figure 2. Age-specific prevalence model generated by DisMod 

 

  

To apply this age prevalence curve to the sex-split incidence draws, 1,000 draws of output were 

downloaded from DisMod and applied to the incidence data as follows: 

j indexes the age strata 

i indexes the draw (1 to 1,000) 

sex cases draw is the total number of cases for the sex stratum (all ages) 欠訣結 潔欠嫌結嫌珍 噺  経件嫌警剣穴 経堅欠拳沈┸珍 茅 欠訣結 喧剣喧憲健欠建件剣券珍 

欠訣結 件券潔件穴結券潔結 穴堅欠拳沈 噺 欠訣結 潔欠嫌結嫌珍 磐嫌結捲 潔欠嫌結嫌 穴堅欠拳沈建剣建欠健 潔欠嫌結嫌 卑欠訣結 喧剣喧憲健欠建件剣券珍   
 

Under the assumption that Guinea worm disease occurs approximately one year post-infection, incidence 

among children aged less than 1 year was set to zero.  

Sequelae splits 

Prevalence of the sequelae listed in Table 3 was calculated by multiplying the age- and sex-specific 

incidence draw by the duration of the health state (in years). 

1) Guinea worm pain associated with worm emergence (Level 2): all cases, 1 month  

2) Guinea worm pain associated with worm emergence (Level 1): all cases, 2 months plus 30% of 

cases for an additional 9 months 

3) Lower limb musculoskeletal problems: all cases, 1 month  
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Other neglected tropical diseases 
In addition to the neglected tropical diseases described above, there are many diverse types of neglected 

tropical diseases, which are encompassed by the following ICD 10 codes: A68-A68.9, A69.2-A69.5, A75-

A75.9, A77-A79.9, A92-A94.0, A96-A96.9, A98-A98.8, B58, B59-B60.8, B68-B68.9, B70-B72.0, B74.3-B75, 

B78-B78.9, B80-B81.8, B83-B83.8, P37.1. 

Because these neglected tropical diseases are diverse in their underlying causes and risk factors as well as 

in their associated health outcomes, modelling them together in a DisMod-MR model would not produce 

reliable estimates of prevalence or excess mortality. Instead, we calculated the YLDs caused by neglected 

tropical diseases directly using a YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified neglected tropical diseases for which non-

fatal outcomes were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. We 

then multiplied this YLD/YLL ratio by the YLL estimates for other neglected tropical diseases from the GBD 

2017 CoD analysis, providing us with an estimate of the YLDs associated with other neglected tropical 

diseases. 
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Meningitis 
 

Flowchart 

 

 

Case definition 

Meningitis is a disease caused by inflammation of the meninges, the protective membrane surrounding 

the brain and spinal cord, and is typically caused by an infection in the cerebrospinal fluid. Symptoms 

include headache, fever, stiff neck, and sometimes seizures. Included in the GBD modelling were cases 

meeting ICD-10 diagnostic criteria for meningitis due to bacteria, viruses, or other causes (A39-A39.9, 

A87-A87.9, D86.81, G00.0-G00.8, G03-G03.8, Z20.811, and Z22.31). In GBD 2017, meningitis 

encompasses viral meningitis and four bacterial aetiologies: pneumococcal, Haemophilus influenzae type 

B (HiB), meningococcal, and other.  

Input data 

Model inputs 

In the GBD 2010 study, a systematic review of literature was conducted to capture studies of incidence 

and excess mortality rate for all bacterial meningitis cases. For each of the four aetiologies, literature 

included excess mortality rate, incidence, proportion, remission, and standardised mortality ratio. The 

inclusion criteria stipulated that: (1) the publication year must be between 1980 and 2010; (2) さI;ゲWﾐWゲゲざ 
was based on diagnoses by antigen test, blood test, cerebrospinal fluid test, polymerase chain reaction 

test, or latex agglutination test; (3) sufficient information must be provided on study method and sample 

characteristics to assess the quality of the study; and (4) study samples must be representative of the 

general population. No limitation was set on the language of publication. For GBD 2013, the search 

strategy was replicated to capture epidemiological studies published between 2010 and 2013. The search 

strategy was repeated in 2015 only to capture excess mortality に updates to systematic reviews are 

performed on an ongoing schedule across all GBD causes. An update for meningitis literature is scheduled 

for GBD 2018. 
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Additional sources we included in the acute bacterial meningitis model were inpatient-only hospital data 

and USA claims data from 2000, 2010, and 2012, primary diagnosis and inpatient only. Sequelae and 

severity splits were informed by a meta-analysis, Edmond and colleagues (1), while an internal meta-

analysis informed mortality estimates for long-term moderate to severe impairments.  

Data were outliered or excluded if we found them unreasonable when compared to regional, super-

regional, and global rates.  

The tables below show the total number of specific site-years of data included in GBD 2017, as well as the 

number of countries and GBD world regions represented for the bacterial meningitis model and each 

aetiology model that informs an aetiology split. 

Table 1a. Acute bacterial meningitis 

 Excess mortality rate Incidence 

Site-years (total) 74 1535 

Number of countries with data 42 75 

Number of GBD regions with data (out of 21 regions) 14 21 

Number of GBD super-regions with data (out of 7 super-regions) 6 7 

 

Table 1b. Pneumococcal meningitis proportion 

 Proportion 

Site-years (total) 92 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 18 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

 

 

Table 1c. Meningococcal meningitis proportion 

 

 Proportion 

Site-years (total) 86 

Number of countries with data 41 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

 

Table 1d. influenzae type meningitis proportion 

 

 Proportion 

Site-years (total) 93 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 18 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Table 1e. Other bacterial meningitis proportion 

 

 Proportion 

Site-years (total) 85 

Number of countries with data 39 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Modelling strategy 

Non-fatal outcomes were modelled using a combination of custom models, DisMod-MR 2.1, and in GBD 

2017, we added the use of an ordinary differential equations solver (ODE) for more timely and accurate 

estimates. First, the overall incidence and prevalence of bacterial meningitis were modelled to estimate 

the short-term morbidity due to acute infection. This DisMod model had a set duration (1/remission) of 

four weeks with a range ±2 weeks. We also imposed caps on excess mortality for neonates and elders 

based on the highest excess mortality estimates from GBD 2013. Hospital data were flagged with a 

covariate for inpatient hospital data, as were USA claims data with year-specific covariates to be 

crosswalked to the reference data, which we extracted from literature. We used the function in DisMod-

MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our CODEm and CODcorrect analyses and 

match with prevalence data points for the same geography. We calculated excess mortality rate to 

estimate priors by dividing CSMR by prevalence, calculated from remission and incidence. To help inform 

trends where we lack data, we applied a country-level covariate for proportion of the population at the 

subnational and country levels that lives within the meningitis belt in sub-Saharan Africa (2). In GBD 2017 

we added country-level covariates for coverage of Hib3 vaccine and the MenAfriVac vaccine initiative to 

the parent meningitis model. We also outliered incidence input data points with zero cases that were 

pulling down final estimates. Betas and exponentiated values (which can be interpreted as an odd ratio) 

are shown in the tables below for study-level covariates and country-level covariates.  

Table 2. Study covariates 

 

Table 3. Country-level covariates 

Study covariate Parameter Beta Exponentiated beta 

Literature Incidence -0.83 (-0.93 to -0.74) 0.44 (0.39–0.48) 

Surveillance  Incidence -1.89 (-2 to -1.7) 0.15 (0.14–0.18) 

Claims data に 2000 Incidence -0.096 (-0.15 to -
0.038) 

0.91 (0.86–0.96) 

Claims data に other Incidence 0.13 (0.083–0.17) 1.14 (1.09–1.19) 

Country-level covariate Parameter Beta Exponentiated beta 

Hib3 vaccine coverage Incidence -0.61 (-0.66 to -0.57) 0.54 (0.52–0.57) 

Meningitis belt  Incidence 1.93 (1.76–2.00) 6.88 (5.84–7.37) 

MenAfriVac initiative Incidence -1.01 (-2 to -0.019) 0.36 (0.14–0.98) 
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Incidence and prevalence of bacterial meningitis were split into four aetiologies (pneumococcal, 

meningococcal, H influenzae type B, and other bacterial meningitis) using four proportion models run in 

DisMod-MR 2.1. Results from these models were squeezed to sum to 1 at the draw level for each 

location, year, age, and sex. We applied a Hib3 vaccine coverage covariate to the H. influenzae type B 

proportion model, the proportion of the population living in the meningitis belt covariate and the 

proportion of the population living in areas covered by the MenAfriVac initiative (meningitis 

meningococcal type A) to the meningococcal meningitis proportion model, and a PCV3 coverage 

covariate to the pneumococcal meningitis model. Betas and exponentiated values are shown in the table 

below. 

Table 4. Beta and exponentiated beta values 

 

Data for viral meningitis were only available from hospitals or USA claims data, and not from population 

studies, so incidence and prevalence of viral meningitis were extrapolated from bacterial meningitis 

incidence by applying age- and sex-specific ratios between bacterial and viral cases from a combination of 

hospital data and USA claims data. In addition to short-term sequelae as a result of acute bacterial and 

viral meningitis, we also modelled the long-term outcomes from bacterial meningitis infection. In GBD 

2017, we moved to produce both prevalence and incidence estimates of the viral meningitis outcome.   

 

Sequelae splits 

We first split the long-term sequelae among survivors of acute infection. We calculated the acute-phase 

survivors by applying the excess mortality (calculated by the acute meningitis DisMod model) to the 

incidence of each aetiology (excess mortality was converted to case fatality rate by e(-excess mortality x 1/(excess 

mortality + remission)). The survivors were then subject for long-term sequelae by applying the post-discharge 

proportions of health consequences calculated by a meta-analysis by Edmond and colleagues (1). We 

calculated the ratio of acute meningitis survivors that experience major long-term impairments for all 

aetiologies, and the ratio of minor impairments to major impairments for pneumococcal meningitis 

versus all other aetiologies (because pneumococcal meningitis showed significantly higher risk of 

LDI Excess mortality -0.00051 (-0.0013 to -
0.000058) 

1.00 (1.00–1.00) 

Healthcare Access and 

Quality index 

Excess mortality -0.027 (-0.028 to -
0.027) 

0.97 (0.97–0.97) 

Country-level covariate Etiology Parameter beta Exponentiated beta 

Hib3 vaccine coverage Hib Incidence -1.73 (-1.99 to -
1.26) 

0.18 (0.14–0.28) 

Meningitis belt 

(proportion of 

population) 

Meningococcal Incidence 

0.93 (0.065–1.82) 2.53 (1.07–6.17) 

MenAfriVac coverage Meningococcal Incidence -0.49 (-1.31 to 
0.32) 

0.61 (0.27–1.37) 

PCV3 vaccine coverage Pneumococcal Incidence -1.03 (-1.96 to -
0.061) 

0.36 (0.14–0.94) 
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morbidity than other aetiologies). This ratio was based off a regression of log-transformed GDP and ratio 

values from Edmonds and colleagues に this was different from last year, which used GNI. The regression is 

shown below: 検 噺 伐ど┻ぬぬのひど ln岫罫経鶏岻 髪 な┻なのにぬど 

We used these two ratios to calculate the proportions of survivors who contract a long-term minor 

impairment and those who contract a long-term major impairment. The proportion with major 

impairments were further split (again using pooled proportions from Edmond and colleagues) into 

specific major impairments, which were grouped into vision loss, hearing loss, moderate-to-severe 

cognitive impairments, and epilepsy.  

The calculated incidence of long-term sequelae was then converted to prevalence by two different 

approaches. For the sequelae not associated with excess mortality, which were vision loss, hearing loss, 

intellectual disability, motor impairment, and behavioural problems, the incidence of each age was 

cumulatively added up to the subsequent age (assuming half-cycle) to construct prevalence at each age. 

If the sequela is associated with excess mortality (epilepsy and moderate-to-severe cognitive 

impairments), the calculated incidence was used as in input to the ODE solver together with the 

corresponding mortality parameters (excess mortality data from the epilepsy envelope DisMod model, 

and standardised mortality ratio data from a neonatal encephalopathy meta-analysis, converted to excess 

mortality using all-cause mortality estimates) to estimate the prevalence. Vision loss, hearing loss, and 

epilepsy estimates were squeezed and severity split centrally.  

 

Disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for sequelae 

associated with each aetiology are shown below. 

Table 5. Severity splits, lay descriptions, DWs 

Severity split Lay description DW (95% CI) 

Mild behaviour 

problems 

This person is hyperactive and has difficulty 

concentrating, remembering things, and completing 

tasks. 

0.045 (0.028に
0.066) 

Mild hearing loss This person has great difficulty hearing and 

understanding another person talking in a noisy place 

(for example, on an urban street). 

0.01 (0.004に0.019) 

Mild hearing loss with 

ringing 

This person is unable to hear and understand 

another person talking, even in a quiet place, is 

unable to take part in a phone conversation. 

Difficulties with communicating and relating to 

others cause emotional impact at times (for example 

worry or depression). 

0.021 (0.012に
0.036) 

Moderate hearing loss This person has great difficulty hearing and 

understanding another person talking in a noisy place 

0.027 (0.015に
0.042) 
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(for example, on an urban street), and sometimes 

has annoying ringing in the ears. 

Moderate hearing loss 

with ringing 

This person is unable to hear and understand 

another person talking, even in a quiet place, is 

unable to take part in a phone conversation. 

Difficulties with communicating and relating to 

others often cause worry, depression, or loneliness. 

0.074 (0.048に
0.107) 

Moderately severe 

hearing loss 

Custom DW from hearing loss impairment envelope  

Severe hearing loss This person is unable to hear and understand 

another person talking, even in a quiet place, and 

unable to take part in a phone conversation. 

Difficulties with communicating and relating to 

others cause emotional impact at times (for example 

worry or depression). 

0.158 (0.105に
0.227) 

Profound hearing loss This person is unable to hear and understand 

another person talking, even in a quiet place, is 

unable to take part in a phone conversation, and has 

great difficulty hearing anything in any other 

situation. Difficulties with communicating and 

relating to others often cause worry, depression, or 

loneliness. 

0.204 (0.134に
0.288) 

Complete hearing loss This person cannot hear at all in any situation, 

including even the loudest sounds, and cannot 

communicate verbally or use a phone. Difficulties 

with communicating and relating to others often 

cause worry, depression, or loneliness. 

0.215 (0.144に
0.307) 

Severe hearing loss with 

ringing 

This person is unable to hear and understand 

another person talking, even in a quiet place, is 

unable to take part in a phone conversation, and has 

annoying ringing in the ears for more than 5 minutes 

at a time, almost every day. Difficulties with 

communicating and relating to others cause 

emotional impact at times (for example worry or 

depression). 

0.261 (0.175に0.36) 

Profound hearing loss 

with ringing 

This person is unable to hear and understand 

another person, even in a quiet place, is unable to 

take part in a phone conversation, has great difficulty 

hearing anything in any other situation, and has 

annoying ringing in the ears for more than 5 minutes 

at a time, several times a day. Difficulties with 

communicating and relating to others often cause 

worry, depression, or loneliness, 

0.277 (0.182に
0.387) 

Complete hearing loss 

with ringing 

This person cannot hear at all in any situation, 

including even the loudest sounds, and cannot 

communicate verbally or use a phone, and has very 

annoying ringing in the ears for more than half of the 

0.316 (0.212に
0.435) 
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day. Difficulties with communicating and relating to 

others often cause worry, depression, or loneliness. 

Moderate motor 

impairment 

This person has some difficulty in moving around, 

and difficulty in lifting and holding objects, dressing 

and sitting upright, but is able to walk without help. 

0.061 (0.04に0.089) 

Moderate motor plus 

cognitive impairments 

This person has some difficulty in moving around, 

holding objects, dressing and sitting upright, but can 

walk without help. This person has low intelligence 

and is slow in learning to speak and to do simple 

tasks. 

0.203 (0.134に0.29) 

Long-term mild motor 

impairment 

This person has some difficulty in moving around but 

is able to walk without help. 

0.01 (0.005に0.02) 

Borderline intellectual 

disability 

This person is slow in learning at school. As an adult, 

the person has some difficulty doing complex or 

unfamiliar tasks but otherwise functions 

independently. 

0.011 (0.005に0.02) 

Severe motor 

impairment 

This person is unable to move around without help, 

and is not able to lift or hold objects, get dressed or 

sit upright. 

0.402 (0.268に
0.545) 

Epilepsy (combined DW) NA 

Blindness Is completely blind, which causes great difficulty in 

some daily activities, worry and anxiety, and great 

difficulty going outside the home without assistance. 

0.187 (0.124に0.26) 

Severe acute episode of 

infectious disease 

This person has a high fever and pain, and feels very 

weak, which causes great difficulty with daily 

activities. 

0.133 (0.088に0.19) 

Mild intellectual 

disability 

This person has low intelligence and is slow in 

learning at school. As an adult, the person can live 

independently, but often needs help to raise children 

and can only work at simple supervised jobs. 

0.043 (0.026に
0.065) 

Monocular distance 

vision loss 

This person is blind in one eye and has difficulty 

judging distances. 

0.017 (0.009に
0.029) 

Mild motor plus 

cognitive impairments 

This person has some difficulty in moving around but 

is able to walk without help. The person is slow in 

learning at school. As an adult, the person has some 

difficulty doing complex or unfamiliar tasks but 

otherwise functions independently. 

0.031 (0.018に0.05) 

Severe motor plus 

cognitive impairments 

This person cannot move around without help, and 

cannot lift or hold objects, get dressed or sit upright. 

The person also has very low intelligence, speaks few 

words, and needs constant supervision and help with 

all daily activities. 

0.542 (0.37に0.702) 
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Case definition 

Encephalitis is a disease caused by an acute inflammation of the brain. Symptoms of encephalitis can 

include flu-like symptoms like headache, fever, drowsiness, and fatigue, and at times, seizures, 

hallucinations, or stroke. Included in the GBD modelling were cases meeting ICD-10 diagnostic criteria for 

encephalitis (A83-A86.4, B94.1, F07.1, G04-G05.8). 

Input data 

Model inputs 

In the GBD 2015 study, a systematic review of literature was conducted to capture studies of incidence, 

excess mortality rate, remission, and standardised mortality ratio for encephalitis. These data sources 

included hospital data and literature. The inclusion criteria stipulated that: (1) the publication year must 

be between 1980 and 2013; (2) sufficient information must be provided on study method and sample 

characteristics to assess the quality of the study; and (3) study samples must be representative of the 

general population. No limitation was set on the language of publication. We did not perform an updated 

literature review for GBD 2017. 

Additional sources we included in the acute bacterial meningitis model were inpatient hospital data and 

USA claims data from 2000, 2010, and 2012, primary diagnosis and inpatient only. Sequelae and severity 

splits were informed by a meta-analysis, Edmond and colleagues (1), while an internal meta-analysis 

informed mortality estimates for long-term moderate-to-severe impairments.  

Data were outliered or excluded if we found they differed significantly when compared to regional, super-

regional, and global rates.  
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The tables below show the number of measure specific site-years included in GBD 2017, as well as the 

number of countries and GBD world regions represented for encephalitis. 

Table 1. Acute encephalitis 

 Incidence 

Site-years (total) 1446 

Number of countries with data 51 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-

regions) 7 

 

 

Modelling strategy 

Non-fatal outcomes were modelled using a combination of custom models and DisMod-MR 2.1. First, the 

overall incidence and prevalence of encephalitis were modelled to estimate the short-term morbidity due 

to acute infection. This DisMod model had a set duration (1/remission) of three weeks. We also imposed 

caps on excess mortality for ages 10に50. USA claims data were grouped into year-specific covariates 

based on quality, and were crosswalked to the reference data, which we extracted from literature and 

inpatient hospital data. We used the function in DisMod-MR 2.1 to pull in cause-specific mortality rate 

(CSMR) data from our CODEm and CODcorrect analyses and match with incidence data points for the 

same geography. We calculated excess mortality rate to estimate priors by dividing CSMR by prevalence, 

calculated from remission and incidence. To help inform trends where we lack data, we applied a binary 

country-level covariate at the subnational and country level that indicates if the location is in a Japanese 

Encephalitis endemic area (2). We also applied a lag-distributed income covariate to excess mortality. 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables 

below for study-level covariates and country-level covariates. In GBD 2017 we updated the Japanese 

Encephalitis covariate to include areas of Russia. We outliered incidence input data points with zero cases 

that were dragging down final estimates. We also improved our time efficiency and estimation accuracy 

by using an ordinary differential equations solver (ODE solver) in place of traditional DisMod-MR. 

Table 2. Study covariates 

 

Table 3. Country-level covariates 

Study covariate Parameter beta Exponentiated beta 

Claims data に 2000 Incidence -0.22 (-0.27 to -0.18) 0.81 (0.76–0.83) 

Claims data - other Incidence 0.15 (0.097–0.19) 1.16 (1.10–1.20) 

Literature Incidence -0.55 (-0.62 to -0.48) 0.58 (0.54–0.62) 

Country-level covariate Parameter beta Exponentiated beta 

Japanese Encephalitis 

endemic area 

Incidence 
0.052 (0.0041–0.097) 1.05 (1.00–1.10) 

LDI (log transformed) Excess mortality -0.3 (-0.31 to -0.29) 0.74 (0.73–0.75) 
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In addition to short-term sequelae as a result of acute encephalitis, we also modelled the long-term 

outcomes from encephalitis.  

Sequelae splits 

We first split the long-term sequelae among survivors of acute infection. We calculated the acute phase 

survivors by applying the excess mortality (calculated by the acute meningitis DisMod model) to the 

incidence of each aetiology (excess mortality was converted to case fatality rate by e(-excess mortality x 1/(excess 

mortality + remission)). The survivors were then subject to long-term sequelae by applying the post-discharge 

proportions of health consequences calculated by a meta-analysis by Edmond and colleagues (2). We 

calculated the ratio of acute encephalitis survivors that result in a major long-term impairment, and the 

ratio of minor impairments to major impairments, based off a regression of log-transformed GDP and 

ratio values from Edmonds and colleagues. This regression was done differently from last year, which 

previously used GNI. The regression is shown below: 検 噺 伐ど┻ぬぬのひど ln岫罫経鶏岻 髪 な┻なのにぬど 

We assumed a similar pattern of health outcomes for encephalitis infection survivors as with other 

bacterial meningitis survivors (except hearing loss, as we could not find evidence of hearing loss as a 

consequence of encephalitis infection). We used these two ratios to calculate the proportions of survivors 

who contract a long-term minor impairment and those who contract a long-term major impairment. The 

proportion with major impairments were further split (again using pooled proportions from Edmond and 

colleagues) into specific major impairments, which were grouped into vision loss, moderate to severe 

cognitive impairments, and epilepsy.  

The calculated incidence of long-term sequelae was then converted to prevalence by two different 

approaches. For the sequelae not associated with excess mortality, which were vision loss, intellectual 

disability, motor impairment, and behavioural problems, the incidence of each age was cumulatively 

added up to the subsequent age (assuming half-cycle) to construct prevalence at each age. If the sequela 

is associated with excess mortality (epilepsy and moderate-to-severe cognitive impairments), the 

calculated incidence was used as an input the ODE solver, together with the corresponding mortality 

parameters (excess mortality data from the epilepsy envelope DisMod model, and standardised mortality 

ratio data from a neonatal encephalopathy meta-analysis, converted to excess mortality using all-cause 

mortality estimates) to estimate the prevalence. Vision loss and epilepsy estimates were squeezed and 

severity split centrally.  

Disability weights 

The basis of the GBD disability weight survey assessments is lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for sequelae 

associated with encephalitis are shown below. 

Table 4. Severity splits, lay descriptions, and DWs 

Severity split Lay description DW (95% CI) 

DTP3 Coverage Incidence -1.56 (-1.68 to -1.45) 0.21 (0.19–0.23) 
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Mild behaviour 

problems 

This person is hyperactive and has difficulty 

concentrating, remembering things, and completing 

tasks. 

0.045 (0.028に
0.066) 

Moderate motor 

impairment 

This person has some difficulty in moving around, 

and difficulty in lifting and holding objects, dressing 

and sitting upright, but is able to walk without help. 

0.061 (0.04に0.089) 

Moderate motor plus 

cognitive impairments 

This person has some difficulty in moving around, 

holding objects, dressing and sitting upright, but can 

walk without help. This person has low intelligence 

and is slow in learning to speak and to do simple 

tasks. 

0.203 (0.134に0.29) 

Long-term mild motor 

impairment 

This person has some difficulty in moving around but 

is able to walk without help. 

0.01 (0.005に0.02) 

Borderline intellectual 

disability 

This person is slow in learning at school. As an adult, 

the person has some difficulty doing complex or 

unfamiliar tasks but otherwise functions 

independently. 

0.011 (0.005に0.02) 

Severe motor 

impairment 

This person is unable to move around without help, 

and is not able to lift or hold objects, get dressed, or 

sit upright. 

0.402 (0.268に
0.545) 

Epilepsy (combined DW) NA 

Blindness Is completely blind, which causes great difficulty in 

some daily activities, worry and anxiety, and great 

difficulty going outside the home without assistance. 

0.187 (0.124に0.26) 

Acute encephalitis This person has a high fever and pain, and feels very 

weak, which causes great difficulty with daily 

activities. 

0.133 (0.088に0.19) 

Mild intellectual 

disability 

This person has low intelligence and is slow in 

learning at school. As an adult, the person can live 

independently but often needs help to raise children 

and can only work at simple supervised jobs. 

0.043 (0.026に
0.065) 

Monocular distance 

vision loss 

This person is blind in one eye and has difficulty 

judging distances. 

0.017 (0.009に
0.029) 

Mild motor plus 

cognitive impairments 

This person has some difficulty in moving around but 

is able to walk without help. The person is slow in 

learning at school. As an adult, the person has some 

difficulty doing complex or unfamiliar tasks but 

otherwise functions independently. 

0.031 (0.018に0.05) 

Severe motor plus 

cognitive impairments 

This person cannot move around without help, and 

cannot lift or hold objects, get dressed or sit upright. 

The person also has very low intelligence, speaks few 

words, and needs constant supervision and help with 

all daily activities. 

0.542 (0.37に0.702) 
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Case definition 

Diphtheria is a bacterial infection caused by Corynebacterium diphtheriae. For diphtheria, ICD 10 codes 

are A36-A36.9, Z22.2, Z23.6, and ICD9 codes are 032-032.9, V02.4, V03.5, and V74.3. 

 

Input data 

Model inputs 

Input data for non-fatal diphtheria outcomes include case fatality ratio data from a systematic review of 

the literature and diphtheria mortality estimates from the GBD cause of death analysis (for diphtheria, a 

negative binomial regression model).  

 

A systematic review of diphtheria case fatality was conducted for GBD 2016 to add to the literature used 

in previous iterations of the GBD. The PubMed search terms were: ((diphtheria[Title/Abstract] AND case 

fatality[Title/Abstract])) AND ("2013"[Date - Publication]: "2016"[Date - Publication]). We did not update 

this review for GBD 2017. 

 

Severity split & disability weights 

We draw primarily on the literature, as well as patterns in data observed in South Asia and Central Asia, 

to assign the following severity distributions for diphtheria: cases are proportionally split into 70% (95% 

CI:66.5に73.5%) moderate outcomes and 30% (95% CI: 26.5に33.5%) severe outcomes. The lay descriptions 

and disability weights for diphtheria severity levels derived from the GBD disability weights study are 

shown in Table 1. 
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Table 1. Severity splits, lay descriptions, and disability weights 

Severity level Lay description DW (95% CI) 

Moderate diphtheria 

Has a fever and aches, and feels 

weak, which causes some difficulty 

with daily activities. 

0.051 (0.032に0.074) 

Severe diphtheria 

Has a high fever and pain, and feels 

very weak, which causes great 

difficulty with daily activities. 

0.133 (0.088に0.19) 

 

Modelling strategy 

We used DisMod-MR 2.1 as a meta-regression tool to pool the case fatality data and generate location-, 

year-, age-, and sex-specific case fatality ratio estimates. We used the Healthcare Access and Quality 

(HAQ) index as a location-level covariate. Diphtheria mortality was modelled using a negative binomial 

regression and data from the cause of death database with the DTP3 coverage covariate and age dummy 

variables (see cause of death capstone paper).  

 

Incidence was calculated as mortality rate divided by case fatality ratio. Prevalence was calculated as the 

product of estimates for incidence and case duration (a mean of 27.5 days, based on a meta-analysis of 

duration data from the literature). 

 

Table 2 shows model covariate coefficients and exponentiated values (from the DisMod case-fatality 

model), which can be interpreted as odds ratios. 

 

Table 2 Model coefficient values (raw and exponentiated) 

Covariate Parameter Coefficient (95% CI) 
Exponentiated 

coefficient (95% CI) 

Healthcare Access and 

Quality (HAQ) index 
Case fatality ratio 0.50 (0.026, 1.31) 1.64 (1.03, 3.70) 

Sex Case fatality ratio 0.098 (-0.76, 0.88) 1.10 (0.47, 2.41) 

 

Counts of unique input data sources for the diphtheria case fatality ratio model are shown in Table 3. 

 

Table 3. Input source counts 

 Case fatality 

ratio 

Site-years (total) 28 

Number of countries with data 12 

Number of GBD regions with data 

(out of 21 regions) 
6 

Number of GBD super-regions with 

data (out of 7 super-regions) 
5 

 

No other significant changes were made to the modelling strategy from previous iterations of GBD. 

240



Pertussis (whooping cough)  
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Case definition 

Pertussis (whooping cough), is a contagious respiratory disease caused by the bacterium Bordetella 

pertussis. For pertussis, ICD 10 codes are A37-A37.91, Z23.7, and ICD 9 codes are 033-033.9, 484.3, V03.6. 

 

Input data 

Model inputs 

For our whooping cough non-fatal estimation process, the primary source of input data was pertussis 

case notifications from the World Health Organization (WHO) through the Joint Reporting Form (JRF). For 

GBD 2017, we included case notifications through December 31, 2017 (released in June of 2018). 

Historical case notifications and vaccination coverage for the United Kingdom back to 1940 were included 

to better inform the natural history model. 

 

Severity splits 

We assumed all pertussis cases were moderate episodes of acute infectious disease because of 

associated symptoms and MEPS data. The lay description and disability weight derived from the GBD 

Disability Weights study are shown in Table 1. 

 

Table 1. Severity splits, lay descriptions, and disability weights 

Severity level Lay description DW (95% CI) 

Moderate Has a fever and aches and feels weak, which 

causes some difficulty with daily activities. 

0.051 

(0.032に0.074) 
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Modelling strategy 

We modelled log-transformed incidence with a mixed-effects linear regression of case notifications on 

diphtheria-tetanus-pertussis third-dose (DTP3) vaccination coverage. The random effect by country 

allowed us to account for variation in registration completeness. We used the following functional form: 

Yij = が0 + が1 DTP3ij + uj + eij , 

where Yij is the log-transformed incidence rate (in cases per 100,000 persons using WHO case 

notifications and GBD populations), ɴ0 is the fixed effect intercept, ɴ1 is the fixed effects slope on the log-

transformed proportion of unvaccinated individuals, uj is the country random effect, eij is the residual, i is 

the year, and j is the location. 

 

Counts of unique input data sources that inform the pertussis incidence rate model are shown in Table 2. 

 

Table 2. Input source counts 
 Incidence 

Site-years (total) 5,599 

Number of countries with data 191 

Number of GBD regions with data 

(out of 21 regions) 
21 

Number of GBD super-regions with 

data (out of 7 super-regions) 
7 

 

The results of this model were then used to predict incidence as a function of vaccine coverage. To 

correct for underreporting in case notifications, we used a value of the random effect that matched the 

highest random effect in a high income region に Switzerland (which has a pertussis monitoring system 

that captures a high percentage of cases) に to get an implied attack rate assumed to be the same for all 

unvaccinated populations. Uncertainty was estimated by taking 1,000 iterations of the predictions based 

on the variance-covariance matrix.  

 

Prevalence was calculated by multiplying incidence rate by the average case duration, which was 

assumed to be 50 days. 
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Tetanus 
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Case definition 
 

Tetanus is a serious bacterial disease caused by the bacterium Clostridium tetani. For tetanus, the ICD 10 

codes are A33-A35.0, Z23.5, and ICD 9 codes are 037-037.9,771.3,V03.7. 

 

Input data 
 

Model inputs 

Input data for the estimation of tetanus included case fatality rate data extracted from a systematic 

review of the literature and GBD estimates of tetanus cause-specific mortality calculated through the GBD 

cause of death estimation process (here, estimates were produced with the GBD ensemble modelling 

framework CODEm). 

 

A systematic review was conducted for GBD 2016 to supplement previous data extractions. The PubMed 

search terms were: (tetanus[Title/Abstract]) AND (case fatality[Title/Abstract]) AND ("2013"[Date - 

Publication]: "2016"[Date - Publication]). An update to this systematic review was not conducted for GBD 

2017. 

 

Severity splits and disability weights 

We assume that all tetanus cases are severe episodes of acute infectious diseases. The lay descriptions 

and disability weights for tetanus derived from the GBD disability weights study are shown in Table 1. 

 

Table 1. Severity splits, lay descriptions, and disability weights (DW) 

Severity level Lay description DW (95% CI) 

Severe 

Has a high fever and pain, and feels 

very weak, which causes great 

difficulty with daily activities. 

0.133 

(0.088に0.19) 
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Regarding the severity level of impairment due to neonatal tetanus, we assume the same distribution as 

observed in neonatal encephalopathy. 

 

Modelling strategy 
 

We used DisMod-MR 2.0 as a meta-regression tool to pool the case fatality ratio data and generate 

location-, year-, age-, and sex-specific case fatality estimates. We used the Healthcare Access and Quality 

(HAQ) index as a location-level covariate. Mortality was modelled using the standard CODEm tool on 

neonatal tetanus (children under age 1) and non-neonatal tetanus (ages 1-80) separately for males and 

females. Table 2 shows model coefficients and exponentiated values for the covariates used in the 

estimation process for the DisMod case-fatality model, which can be interpreted as odds ratios. 

 

Table 2 Model coefficient values (raw and exponentiated) 

Covariate Parameter Beta (95% CI) 
Exponentiated beta 

(95% CI) 

Healthcare Access and 

Quality (HAQ) index 
Case fatality ratio 0.16 (-0.0048 to 0.50) 1.17 (1.00に1.64) 

Sex Case fatality ratio -0.067 (-0.33 to 0.19) 0. 39 (0.72に1.20) 

 

Counts of unique input data sources for the tetanus case fatality ratio model are shown in Table 3. 

 

Table 3. Input source counts 

 Case fatality 

ratio 

Site-years (total) 76 

Number of countries with data 17 

Number of GBD regions with data 

(out of 21 regions) 
10 

Number of GBD super-regions with 

data (out of 7 super-regions) 
7 

 

Incidence was then calculated as: 

 件券潔件穴結券潔結 噺  陳墜追痛銚鎮沈痛槻 追銚痛勅頂銚鎚勅 捗銚痛銚鎮沈痛槻 追銚痛勅 . 
 

Prevalence was computed from the product of estimated incidence rates and case duration derived from 

a literature review. All computation was performed in draw space to propagate uncertainty. 

 

To estimate mild and moderate impairment due to neonatal tetanus, we first computed the incidence of 

survival from neonatal tetanus as: 

 件券潔件穴結券潔結 剣血 嫌憲堅懸件懸欠健 噺  件券潔件穴結券潔結 茅  岫な 伐  系繋迎岻 . 

244



 

We then conducted a meta-analysis of published studies to estimate the proportion of mild impairment 

due to neonatal tetanus and moderate-to-severe impairment due to neonatal tetanus. We applied these 

proportions to the estimated incidence of survival to generate incidence rates of impairments due to 

neonatal tetanus (mild and moderate-to-severe), which were used as input data in DisMod 2.0. We ran 

two separate DisMod models (one for the mild severity and another for moderate-to-severe cases) on 

these outputs. 
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Case definition 

Measles is a contagious infection caused by the measles virus. Symptoms include cough, runny nose, 

fever, conjunctivitis, and red, blotchy skin. For measles, ICD 10 codes are B05-B05.9, Z24.4, and ICD 9 

codes are 055-055.9, 484.0, V04.2, V73.2. 

 

Input data 

Model inputs 

The primary source of input data was measles case notifications from the World Health Organization 

(WHO) through the Joint Reporting Form (JRF). For GBD 2017, we included case notifications through 

December 31, 2017 (released in June of 2018). We supplemented these WHO input data with subnational 

case notifications for the United States and Japan, where available, from national ministries of health. 

 

Severity splits 

We assume 50% of measles cases were acute episodes of moderate infectious disease and 50% were 

acute episodes of severe infectious disease. The lay descriptions and disability weights for measles 

severity levels derived from the GBD disability weights study are shown in Table 1. 

 

Table 1. Severity splits, lay descriptions, and disability weights 

Severity level Lay description DW (95% CI) 

Moderate  
Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities. 

0.051 

(0.032に0.074) 

Severe  
Has a high fever and pain, and feels very weak, 

which causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

246



Modelling strategy 

We modelled measles incidence in count space with a mixed-effects linear regression of case notifications 

on routine measles vaccination rates (first- and second-dose measles-containing vaccines) and coverage 

of supplementary immunisation activities (SIAs). More precisely, log-transformed incidence rates were 

regressed on the log of the proportion unvaccinated with first- and second-dose measles-containing 

vaccine, and additional SIA coverage lagged by one, two, three, four, and five years, with super-region, 

region, and country-level random effects: 

Yij = が0 + が1 MCV1ij + が2 MCV2ij + がa3 SIAaij + uj + eij , 

where Yij is the natural log of measles incidence rate per 100,000 people, ɴ0 is the fixed-effect intercept, 

ɴ1 is the fixed-effects slope on 1st dose measles vaccine coverage, ɴ2 is the fixed-effects slope on 2nd dose 

measles vaccine coverage, ɴa3 is the fixed-effects slope on supplementary measles immunisation 

campaign coverage (administered doses over the target population of all under-15s) lagged by a=1-5 

years, uj is the location-level random effects, eij is the residual, i is the year, and j is the location. 

 

Counts of unique input data sources that inform the measles incidence rate model are shown in Table 2. 

 

Table 2. Input source counts 
 Incidence 

Site-years (total) 3,984 

Number of countries with data 186 

Number of GBD regions with data 

(out of 21 regions) 
21 

Number of GBD super-regions with 

data (out of 7 super-regions) 
7 

 

The results of this mixed effects regression model were then used to predict location- and year-specific 

incidence rate as a function of routine vaccine coverage and SIAs. To correct for underreporting in case 

notifications, we added the effect of a 95% attack rate, assumed to be the same across all unvaccinated 

populations. We validated the attack rate assumption on high-income regions and Latin America, 

presumed to have complete case notifications, and found that it appropriately predicted measles 

morbidity in these regions and is thus a good assumption for a global model. Uncertainty was estimated 

by taking 1,000 iterations of the predictions based on the variance-covariance matrix. For locations in 

three super-regions に high-income, Central Europe/Eastern Europe/Central Asia, and Latin America and 

Caribbean に we used reported measles cases from WHO and country sources as a direct measure of 

incident measles cases. 

 

Prevalence was calculated by multiplying incidence by an average case duration, which was assumed to 

be 10 days. 
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Varicella (chickenpox) and herpes zoster 
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Case definition 

Varicella (also known as chicken pox) is an acute infectious disease caused by Varicella zoster virus. 

Herpes zoster (also known as shingles), is caused by the reactivation of the same virus that causes 

varicella. For varicella and herpes zoster, the ICD 10 codes are B01-B02.9, P35.8, Z20.820, and ICD 9 

codes are 052-053.9, V01.71, V01.79, V05.4. 

 

Input data 

Model inputs 

Input data for varicella were from published seroprevalence studies, and those for herpes zoster were 

from published incidence studies. 

 

Systematic reviews of the literature were conducted for both varicella and herpes zoster and updated for 

GBD 2016. The PubMed search query for varicella was as follows: (varicella[Title/Abstract] AND 

seroprevalence[Title/Abstract]) AND (incidence[Title/Abstract] OR prevalence[Title/Abstract]) NOT 

(herpes zoster[Title/Abstract] OR shingles[Title/Abstract]) AND ("2013"[Date - Publication] : "2016"[Date - 

Publication]). The PubMed search query for herpes zoster was as follows: ((herpes zoster[Title/Abstract] 

OR shingles[Title/Abstract]) AND (incidence[Title/Abstract)) NOT (varicella[Title/Abstract] OR chicken 

pox[Title/Abstract]) AND ("2013"[Date - Publication] : "2016"[Date - Publication]). 

 

 We excluded studies that were: (1) not population-based, eg, hospital or clinic-based studies; (2) did not 

provide primary data on epidemiological parameters, eg, commentaries; (3) review articles; (4) case 

series; or (5) self-reported cases. 

 

These systematic reviews were not updated for GBD 2017. 
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Severity splits & disability weights 

We assume all varicella cases are mild episodes of acute infectious disease. Herpes zoster was a sequela 

studied in the GBD disability weight study. The lay descriptions and corresponding disability weights are 

presented in Table 1. 

 

Table 1. Severity level, lay description, and disability weights (DW) 

Severity level Lay description DW (95% CI) 

Mild acute 

infectious disease 

Has a low fever and mild discomfort but no difficulty 

with daily activities. 

0.006 

(0.002に0.012) 

Herpes zoster 
Has a blistering skin rash that causes pain, with some 

burning and itching. 

0.058 

(0.035に0.09) 

 

Modelling strategy 

The modelling strategies for varicella and herpes zoster are outlined below. 

 

Data for varicella seroprevalence by country were first run through the GBD non-fatal estimation 

framework DisMod-MR 2.1. First, we modelled varicella seroprevalence data as prevalence in DisMod, 

after specifying zero remission and no excess mortality. Next, we calculate population incidence rate as: 件券潔件穴結券潔結 堅欠建結 噺  月欠権欠堅穴 茅 岫な 伐 喧堅結懸欠健結券潔結岻 

from the DisMod incidence rate estimates (ie, hazards).  

 

Then, we calculate prevalence as: 喧堅結懸欠健結券潔結 噺 件券潔件穴結券潔結 堅欠建結 茅 穴憲堅欠建件剣券 

assuming a mean case duration of seven days. 

 

Herpes zoster morbidity was modelled using a standard DisMod model. We assume no excess mortality 

associated with herpes zoster. 

 

Raw and exponentiated coefficients values on country- and study-level covariates are shown in Table 2. 

Exponentiated values can be interpreted as odds ratios. 

 

Table 2 

a. Varicella DisMod model coefficients 

Covariate Parameter Beta (95% CI) Exponentiated beta (95% CI) 

Sex Seroprevalence -0.091 (-0.69 to 0.47) 0.91 (0.50に1.60) 

Healthcare Access and 

Quality (HAQ) index 
Seroprevalence -0.50 (-1.00 to 0) 0.61 (0.37に1.00)  

b Herpes zoster DisMod model coefficients 

Covariate Parameter Beta (95% CI) Exponentiated beta (95% CI) 

Sex Incidence -0.084 (-0.23 to -0.056) 0.92 (0.30に1.06) 
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Counts of unique input data sources are shown in Table 3 for both varicella (prevalence) and herpes 

zoster (incidence). 

 

Table 3. Input source counts 

 Varicella 

prevalence 

Herpes zoster 

incidence 

Site-years (total) 67 79 

Number of countries with data 34 20 

Number of GBD regions with data 

(out of 21 regions) 
15 6 

Number of GBD super-regions with 

data (out of 7 super-regions) 
7 3 
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Acute Hepatitis: A, B, C, and E 
 

Acute hepatitis A 

Flowchart 

 

Case definition 

We define acute hepatitis A as an infection with the hepatitis A virus resulting in anti-HAV IgG 

seroconversion, regardless of symptoms. It includes all ICD-10 codes under the heading B15 (Acute 

hepatitis A). 

Input data 

Model inputs 

Our case definition is infection with hepatitis A, irrespective of symptomology. We use anti-hepatitis A 

virus (HAV) seroprevalence data from population-based studies and surveys to inform these estimates. 

We present a summary of the data sources in Table 1 below. Updates to systematic reviews are 

performed on an ongoing schedule across all GBD causes; an update for hepatitis A will be performed in 

the next one to two iterations. The last systematic review was performed as part of GBD 2013.   

Table 1: Data inputs for acute hepatitis A morbidity modelling by parameter 

 Prevalence 

Site-years (total) 562 

Number of countries/subnational locations with data 119 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Severity splits & disability weights 

The table below illustrates the sequelae associated with acute hepatitis A, as well as the lay descriptions 

and associated disability weights. 
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Sequela Description 
Disability 

Weight 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Asymptomatic Infection with no apparent illness of NA 

 

We calculate acute symptomatic infections by multiplying incidence of acute infection by the probability 

of acute symptomatic infection. The probability of symptomatic infection comes from Armstrong and Bell 

and is shown in the figure below (where probability of symptomatic infection is represented as 

さヮヴﾗH;Hｷﾉｷデ┞ ﾗa ﾃ;┌ﾐSｷIWざぶ ぷヱへく TｴW ヮヴﾗH;Hｷﾉｷデ┞ ｷﾐIヴW;ゲWゲ ┘ｷデｴ ;ｪW from ~1% in the first year of life to ~85% 

in adulthood. The probability function is: 鶏堅剣決 岫嫌検兼喧建剣兼欠建件潔岻 噺 ど┻ぱのに 茅 岫な 伐  結貸待┻待怠態替替 茅 銚直勅迭┻纏轍典岻

 

The remainder of acute infections are assumed to be asymptomatic.  

We then base severity splits for moderate and severe on expert opinion that the probability of severe 

infection follows a beta distribution with mean 0.6% (table 2 reports percentiles of this distribution.) We 

assume the rest of symptomatic infections are moderate.  

Table 2. Percentiles of the probability distribution of severe acute hepatitis A 

0 percentile 25 percentile 50 percentile 75 percentile 100 percentile 

0.0024 0.0054 0.006 0.007 0.01 
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Modelling strategy 

We model the seroprevalence of anti-hepatitis A virus IgG using a DisMod-MR 2.1 model of anti-HAV 

seroprevalence. Remission and excess mortality value priors of zero were used, and an incidence value 

prior range between 0 and 0.5 was used. Given its reasonably stable force of infection among susceptible 

people across age groups, we derive incidence from the prevalence estimates using the following 

formula:  

 件券潔件穴 噺  伐ln 岫な 伐 喧堅結懸岻age鱈辿辰 茅 岫な 伐 喧堅結懸岻 

 

Changes from GBD 2016 to GBD 2017 

This approach is a modification from GBD 2016, where instead of utilising DisMod-MR 2.1, we estimated 

anti-HAV seroprevalence via a catalytic binomial generalised linear model with a complementary log-log 

link, and an offset term for log-age. That previous model used a predictive covariate derived from 

principal components analysis of lag-distributed income (LDI) and the proportion of the population with 

access to improved water.  

 

Acute hepatitis B and C 

Flowchart 

 

 

Acute hepatitis B 
Case definition 

We define acute hepatitis B as the period corresponding to initial infection with the hepatitis B virus, 

regardless of symptoms. It includes all ICD-10 codes under the heading B16 (Acute hepatitis B). 
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Input data 

Model inputs 

We use hepatitis B surface antigen (HBsAg) seroprevalence data from population-based studies and 

surveys. We present a summary of the seroprevalence data sources in Table 3 below. The last systematic 

review was performed as part of GBD 2013. Updates to systematic reviews are performed on an ongoing 

schedule across all GBD causes; an update for hepatitis B will be performed in the next one to two 

iterations.  

Table 3: Data Inputs for acute hepatitis B morbidity modelling by parameter. 

 Prevalence 

Site-years (total) 420 

Number of countries/subnational locations with data 74 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

We also use cause-specific mortality rate (CSMR) data, which is obtained through the hepatitis mortality 

modelling process. The generation and incorporation of the CSMR data is described further in the 

modelling strategy section below. 

 

Modelling strategy 

We model the incidence of chronic HBsAg carriage using a full DisMod-MR 2.1 model of HBsAg 

seroprevalence. We then convert incidence of chronic carriage to total incidence of hepatitis B infection 

by dividing age-specific estimates of the incidence of chronic carriage by age-specific estimates of the 

probability of infection resulting in carriage based on Edmunds and colleagues [2]: 

 鶏岫潔欠堅堅件結堅 】 欠訣結 判 は 兼剣券建月嫌岻 噺  ど┻ぱぱの 

 鶏岫潔欠堅堅件結堅 】 は 兼剣券建月嫌 判 欠訣結 隼 にの 検結欠堅嫌岻 噺  結貸待┻滞替泰 抜銚直勅轍┻填天天
 

 鶏岫潔欠堅堅件結堅 】 欠訣結 半 にの 検結欠堅嫌岻 噺  結貸待┻滞替泰 抜態泰轍┻填天天 噺 ど┻どはな 

 

Starting this round, we introduced a second modelling step after the initial estimation of prevalence and 

incidence. The initial prevalence and incidence estimates are used as covariates for hepatitis B mortality 

due to acute hepatitis, cirrhosis, and liver cancer, as detailed in the causes of death paper. Following 

completion of CoDCorrect, we summed the cause-specific mortality rate (CSMR) due to all three and 

combined the aggregated data with the same dataset of HBsAg seroprevalence. This step ensured 

internal consistency between all hepatitis prevalence and acute hepatitis incidence estimates. We convert 

the incidence of chronic HBsAg carriage to incidence of acute hepatitis B through the same calculation 

described above. 

 

254



We then split symptomatic cases into moderate (73%) and severe (27%) severities based on data from 

McMahon and colleagues [3]. 

 

Sequela Description 
Disability 

Weight 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Asymptomatic Infection with no apparent illness. NA 

 

A limitation of this model is that it does not account for lifetime immunity after initial HBsAg infection, 

which may cause incidence estimates to be inflated. In future iterations of GBD, we plan to update the 

model so that individuals can only be considered infected once. 

 

Changes from GBD 2016 to GBD 2017 

We have introduced a second round of modelling incidence and prevalence that combines the 

seroprevalence data with cause-specific mortality rate data from the hepatitis mortality estimation 

process. A new covariate for hepatitis B childhood vaccination was also added to the DisMod-MR 2.1 

model. 

 

 

 

Acute hepatitis C 
Case definition 

We define acute hepatitis C as the period corresponding to initial infection with the hepatitis C virus, 

resulting in anti-HCV IgG seroconversion, regardless of symptoms.  It includes all ICD-10 codes under the 

heading B17.1 (Acute hepatitis C). 

 

Input data 

Model inputs 

To estimate morbidity for hepatitis C, we use anti-HCV seroprevalence data from population-based 

studies and surveys to estimate incidence and prevalence of hepatitis C infection. The last systematic 

review was performed as part of GBD 2013. Updates to systematic reviews are performed on an ongoing 

schedule across all GBD causes; an update for hepatitis C will be performed in the next one to two 

iterations. We present a summary of the data sources in Table 4 below. 

Table 4: Data Inputs for acute hepatitis C morbidity modelling by parameter. 

 Prevalence 

Site-years (total) 333 
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Number of countries/subnational locations with data 75 

Number of GBD regions with data (out of 21 regions) 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

We also use cause-specific mortality rate (CSMR) data, which is obtained through the hepatitis mortality 

modelling process. The generation and incorporation of the CSMR data is described further in the 

modelling strategy section below. 

 

Modelling strategy 

We model the incidence and prevalence of hepatitis C infection using a full DisMod-MR 2.1 model of anti-

HCV seroprevalence data. Starting this round, we introduce a new modelling step after the initial 

estimation of prevalence and incidence. The initial prevalence and incidence estimates are used to 

estimate hepatitis C mortality, as detailed in the causes of death paper. We then run a second DisMod-

MR 2.1 model using anti-HCV seroprevalence data, with the addition of cause-specific mortality rate data 

derived from the mortality estimates for acute hepatitis C, liver cancer due to hepatitis C, and cirrhosis 

due to hepatitis C.  

 

We estimate chronic infections from total incident infections by multiplying by the probability an incident 

infection will be chronic. We estimate this probability using cases reported in Guadagnino and colleagues 

1997, sampling from a beta distribution (table 6) [4]. 

Table 5. Percentiles of the probability distribution of chronic hepatitis C 

  

Of the remaining acute infections, we divide incident infections into asymptomatic (75%), moderate 

(24%), and severe (1%) states based on expert opinion. 

 

Sequela Description 
Disability 

Weight 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Asymptomatic Infection with no apparent illness. NA 

 

Changes from GBD 2016 to GBD 2017 

We have introduced a second round of modelling incidence and prevalence that combines the 

seroprevalence data with cause-specific mortality rate data from the hepatitis mortality estimation 

process.  

0 percentile 25 percentile 50 percentile 75 percentile 100 percentile 

0.65 0.73 0.75 0.76 0.83 
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Acute hepatitis E 

Flowchart 

 

 

Case definition 

We define acute hepatitis E as an infection with the hepatitis E virus resulting in anti-HEV IgG 

seroconversion, regardless of symptoms. It includes all ICD-10 codes under the heading B17.2 (Acute 

hepatitis E). 

 

Input data 

Model inputs 

We use anti-HEV seroprevalence data from population-based studies and surveys to estimate incidence 

of infection. The last systematic review was performed as part of GBD 2013. Updates to systematic 

reviews are performed on an ongoing schedule across all GBD causes; an update for hepatitis E will be 

performed in the next one to two iterations. We present a summary of the data sources in Table 5 below.   

Table 5: Data Inputs for acute hepatitis E morbidity modelling by parameter. 

 Prevalence 

Site-years (total) 91 

Number of countries/subnational locations with data 43 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Modelling Strategy 

We model the incidence of hepatitis E using a full DisMod-MR 2.1 model of anti-HEV seroprevalence, 

assuming no remission. Based on information published by Rein and colleagues [5], we assume that the 

probability of symptomatic infection increases with age from ~1% in the first year of life to ~60% in 

adulthood.   

 

The table below illustrates the sequelae associated with acute hepatitis E, along with their descriptions 

and disability weights. 

 

Sequela Description 
Disability 

Weight 

Moderate Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities.  

0.051 

(0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which 

causes great difficulty with daily activities. 

0.133 

(0.088に0.19) 

Asymptomatic Infection with no apparent illness. NA 

 

Changes from GBD 2016 to GBD 2017 

We have made no substantive changes in the modelling strategy from GBD 2016.  
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Other unspecified infectious diseases 
 

Flowchart 

 

Anemia Impairment Estimation
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anemia
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severe anemia

Anemia, HIV & HIV/TB

 

 

Input data and methodological summary 

 

For GBD 2017, we estimate other unspecified infectious diseases using the residual anaemia impairment 

envelope based on a fixed proportion of redistribution. The resulting models of mild anaemia due to 

other infectious diseases, moderate anaemia due to other infectious diseases, and severe anaemia due to 

other infectious diseases go into our central computation to generate YLDs based on our prevalence 

values. 

 

Causes for which allocation of the residual anaemia envelope was based on fixed proportion 

redistribution methods*: 

Iron-deficiency anaemia (IDA) 

Other infectious diseases 

Other neglected tropical diseases 

Other endocrine, nutrition, blood, and immune disorders 

Other haemoglobinopathies and haemolytic anaemias   

 

* A minimum of 10% of all anaemia was assigned to residual categories based on analysis of NHANES-III 

data from the United States 
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Maternal disorders  

1) Abortion and miscarriage; 2) Ectopic pregnancy; 3) Obstructed labour and uterine 

rupture; 4) Maternal haemorrhage; 5) Maternal sepsis and other maternal infections; 6) 

Maternal hypertensive disorders; 7) Other maternal disorders. Obstetric fistula is 

captured separately. 

 

Flowchart 

 

 

Input data and methodological summary 

 

Case definition 

Maternal disorders are those complications occurring during pregnancy, childbirth, and the postpartum 

period. Nine different statistical models were completed for GBD 2017. These included 1) abortion and 

miscarriage, 2) obstructed labour and uterine rupture, 3) maternal haemorrhage (including placental 

disorders), 4) maternal sepsis, 5) other maternal infections, 6) hypertensive disorders of pregnancy, 7) 

eclampsia, 8) severe pre-eclampsia, 9) ectopic pregnancy. Other direct maternal disorders were 

estimated using a YLD-to-YLL ratio approach used for multiple different GBD causes. Late maternal death 

and indirect maternal disorders, including HIV-related maternal death, were not assigned any disability as 

the disability associated with them was assumed to be included in estimates for the underlying 

conditions. The table below lists the ICD-9 and ICD-10 codes for each of the statistical models.  
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Table 1. ICD codes for maternal disorders 

International classification of diseases codes for maternal disorders in GBD 2017 non-fatal analysis 

Model ICD10 code ICD9 code 

Abortion, miscarriage O01-O08, O36.4 631, 634-639 

Ectopic pregnancy O00 633-633.91 

Maternal haemorrhage 

O20, O43.2, O44-

O46, O62.2, O67, 

O72 

640-641, 661.0, 666 

Eclampsia O15 642.6 

Hypertensive disorders of pregnancy O11-O16 
642.3, 642.4, 642.5, 642.6, 642.7, 

642.9 

Severe pre-eclampsia O14.1-O14.13 642.5-642.54 

Obstructed labour and uterine rupture 
O64-O66, O71, 

O83 
659-660, 662, 665, 669.5, 669.6 

Other maternal infections 
O23, O41, O75.2-

3, O86, O91 

646.5, 646.6, 659.2, 672.0, 674.1, 

674.2, 674.3, 675 

Maternal sepsis O85 659.3, 670 

 

Input data 

Systematic literature reviews were completed for GBD 2010, GBD 2013, GBD 2015, GBD 2016, and GBD 

2017. These were updated on July 20, 2017, using the combined search string below. In addition, we 

searched ministry of health websites for pregnancy complication data and used Confidential Enquiry and 

other sources used in our maternal mortality analyses when they presented data on pregnancy 

complications. We also performed snowball searches for abortion reporting and surveillance data 

systems, finding multiple such systems throughout high-income countries and several geographies in 

Central and Eastern Europe. Inpatient and outpatient data were used, as were claims data from Taiwan 

and Singapore as well as MarketScan in the United States. These data were extracted and processed as 

described in the section on hospital data, including use of primary-to-any inpatient ratio to correct for 

under-reporting of pregnancy complications in hospital datasets that rely only on primary discharge 

codes. All data were extracted in standard fashion, and were uploaded and stored on a centralised SQL 

database. The final dataset contents for each of the models is shown below as well. 

 

Maternal disorders search string: 

(   ((( ( ( "Postpartum Hemorrhage" OR "Uterine Hemorrhage" ) OR ( maternal[Title/Abstract] OR 

pregnant[Title/Abstract] OR pregnancy[Title/Abstract] OR mothers ) AND ( haemorrhag*[Title/Abstract] 

OR hemorrhag*[Title/Abstract] ) NOT "case report"[All fields] ) OR ( ( "induced abortion" OR 
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"Therapeutic abortion" OR "legal Abortion" OR "medical abortion" OR "miscarriage" OR "Abortion, 

Induced"[Mesh] OR "Abortion, Therapeutic"[Mesh] OR "Abortion, Legal"[Mesh] OR "ectopic Pregnancy" 

) NOT ( "case report"[Title/Abstract] OR "birth defect"[Title/Abstract] OR congenital[Title/Abstract] ) ) 

OR ( "obstructed labour" OR "obstructed labor" OR "labour dystocia" OR "labor dystocia" OR dystocia 

OR "cephalopelvic disproportion" OR "cephalo-pelvic disproportion" ) OR ( ( "obstetric fistula" OR 

"vesicovaginal fistula" ) OR "rectovaginal fistula" ) OR ( ( "Puerperal Infection"[Mesh] OR "Puerperal 

Infection" OR ( (maternal[Title/Abstract] OR pregnant[Title/Abstract] OR pregnancy[Title/Abstract] ) 

AND ( Sepsis OR infection[Title/Abstract] ) ) ) NOT "case report" ) OR ( (Pre-Eclampsia[Title/Abstract] OR 

preeclampsia[Title/Abstract] OR Eclampsia[Title/Abstract] OR Pre-Eclampsia[Mesh] OR Eclampsia[Mesh] 

OR "Hypertension, Pregnancy-Induced"[Mesh] OR "pregnancy induced hypertension"[Title/Abstract] OR 

"gestational hypertension"[Title/Abstract] OR "Hypertensive disorders of pregnancy"[Title/Abstract]) 

NOT ("case report" OR "kidney don*"[Title/Abstract] OR polymorphism*[Title/Abstract] OR 

endotheli*[Title/Abstract]) ) ) AND ( 2016/08/01[PDat] : 2017/12/31[PDat] ) NOT ( animals[MeSH] NOT 

humans[MeSH] ))) OR ((( ( ( ( "maternal mortality"[Title/Abstract] OR "maternal death"[Title/Abstract] 

OR "MM"[Title/Abstract] OR "confidential enquiry"[Title/Abstract] OR ( ( obstetric[Title/Abstract] OR 

pregnancy[Title/Abstract] ) AND (etiology[Title/Abstract] OR cause[Title/Abstract] or 

pattern[Title/Abstract] ) AND ( death[Title/Abstract] OR mortality[Title/Abstract] ) ) ) NOT ( 

fetal[Title/Abstract] OR newborns[Title/Abstract] OR newborn[Title/Abstract] OR 

ﾐWﾗﾐ;デ;ﾉぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さI;ゲW ヴWヮﾗヴデざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さI;ゲW ゲデ┌S┞ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
pathogenesis[Title/Abstract] OR thromboprophylaxis[Title/Abstract] ) ) NOT ( animals[MeSH] NOT 

ｴ┌ﾏ;ﾐゲぷMW“Hへ ぶ O‘ ふ ふ ふさﾏ;デWヴﾐ;ﾉ ﾏﾗヴデ;ﾉｷデ┞ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さﾏ;デWヴﾐ;ﾉ SW;デｴゅざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さMM‘ざぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさAaｪｴ;ﾐｷゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAﾉH;ﾐｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さAﾉｪWヴｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAﾐSﾗヴヴ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAﾐｪﾗﾉ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAﾐデｷｪ┌; ;ﾐS 
B;ヴH┌S;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAヴｪWﾐデｷﾐ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さAヴﾏWﾐｷ;ざぷTｷデﾉWっAbstract] OR 

さA┣WヴH;ｷﾃ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さB;ｴヴ;ｷﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さB;ﾐｪﾉ;SWゲｴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さB;ヴH;SﾗゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBWﾉ;ヴ┌ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBWﾉｷ┣WざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さBWﾐｷﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBｴ┌デ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBﾗﾉｷ┗ｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBﾗゲﾐｷ; ;ﾐS 
HWヴ┣Wｪﾗ┗ｷﾐ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBﾗデゲ┘;ﾐ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さBヴ;┣ｷﾉざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さBヴ┌ﾐWｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さB┌ﾉｪ;ヴｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さB┌ヴﾆｷﾐ; F;ゲﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さB┌ヴ┌ﾐSｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さC;ﾏHﾗSｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さC;ﾏWヴﾗﾗﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さC;ヮW 
VWヴSWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCWﾐデヴ;ﾉ AaヴｷI;ﾐ ‘Wヮ┌HﾉｷIざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCｴ;SざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さCｴｷﾐ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCﾗﾉﾗﾏHｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCﾗﾏﾗヴﾗゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さCﾗﾐｪﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCﾗゲデ; ‘ｷI;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCヴﾗ;デｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さC┌H;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さC┞ヮヴ┌ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さCﾚデW SげI┗ﾗｷヴWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さDWﾏﾗIヴ;デｷI 
‘Wヮ┌HﾉｷI ﾗa デｴW CﾗﾐｪﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さDﾃｷHﾗ┌デｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さDﾗﾏｷﾐｷI;ざぷTｷデle/Abstract] OR 

さDﾗﾏｷﾐｷI;ﾐ ‘Wヮ┌HﾉｷIざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さEI┌;SﾗヴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さEｪ┞ヮデざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さEﾉ 
“;ﾉ┗;SﾗヴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さEケ┌;デﾗヴｷ;ﾉ G┌ｷﾐW;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さEヴｷデヴW;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さEデｴｷﾗヮｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さFWSWヴ;デWS “デ;デWゲ ﾗa MｷIヴﾗﾐWゲｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さFｷﾃｷざぷTｷデﾉWっAHゲデヴ;Iデへ 
O‘ さG;HﾗﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さGWﾗヴｪｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さGｴ;ﾐ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さGヴWﾐ;S;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さG┌;デWﾏ;ﾉ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さG┌ｷﾐW;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さG┌ｷﾐW;-

Bｷゲゲ;┌ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さG┌┞;ﾐ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さH;ｷデｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さHﾗﾐS┌ヴ;ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さIﾐSｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さIﾐSﾗﾐWゲｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さIヴ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さIヴ;ケざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さJ;ﾏ;ｷI;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さJﾗヴS;ﾐざぷTｷデﾉWっAHstract] 

O‘ さK;┣;ﾆｴゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さKWﾐ┞;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さKｷヴｷH;デｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
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さK┌┘;ｷデざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さK┞ヴｪ┞┣ゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さL;ﾗゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さL;デ┗ｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さLWH;ﾐﾗﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さLWゲﾗデｴﾗざぷTｷデle/Abstract] OR 

さLｷHWヴｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さLｷH┞;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さLｷデｴ┌;ﾐｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さM;IWSﾗﾐｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さM;S;ｪ;ゲI;ヴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さM;ﾉ;┘ｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さM;ﾉ;┞ゲｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さM;ﾉSｷ┗WゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さM;ﾉｷざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さM;ﾉデ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さM;ヴゲｴ;ﾉﾉ Iゲﾉ;ﾐSゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さM;┌ヴｷデ;ﾐｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さM;┌ヴｷデｷ┌ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さMﾗﾉSﾗ┗;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さMﾗﾐｪﾗﾉｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さMﾗﾐデWﾐWｪヴﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さMﾗヴﾗIIﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さMﾗ┣;ﾏHｷケ┌WざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さM┞;ﾐﾏ;ヴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さN;ﾏｷHｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さNWヮ;ﾉざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さNｷI;ヴ;ｪ┌;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さNｷｪWヴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さNｷｪWヴｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さNﾗヴデｴ 
KﾗヴW;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さOﾏ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さP;ﾆｷゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さP;ﾉWゲデｷﾐWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さP;ﾐ;ﾏ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さP;ヮ┌; NW┘ G┌ｷﾐW;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さP;ヴ;ｪ┌;┞ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さPWヴ┌ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さPｴｷﾉｷヮヮｷﾐWゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さQ;デ;ヴざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ‘ﾗﾏ;ﾐｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ‘┌ゲゲｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さ‘┘;ﾐS;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“;ｷﾐデ L┌Iｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“;ｷﾐデ VｷﾐIWﾐデ ;ﾐS デｴW 
GヴWﾐ;SｷﾐWゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“;ﾏﾗ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“;┌Sｷ Aヴ;Hｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さ“WﾐWｪ;ﾉざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“WヴHｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“W┞IｴWﾉﾉWゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“ｷWヴヴ; 
LWﾗﾐWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“ｷﾐｪ;ヮﾗヴWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“ﾗﾉﾗﾏﾗﾐ Iゲﾉ;ﾐSゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さ“ﾗﾏ;ﾉｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“ﾗ┌デｴ AaヴｷI;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎ“ﾗ┌デｴ “┌S;ﾐゎぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“ヴｷ 
L;ﾐﾆ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“┌S;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“┌ヴｷﾐ;ﾏWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さ“┘;┣ｷﾉ;ﾐSざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“┞ヴｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ“?ﾗ TﾗﾏY ;ﾐS PヴｹﾐIｷヮWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さT;ｷ┘;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さT;ﾃｷﾆｷゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さT;ﾐ┣;ﾐｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さTｴ;ｷﾉ;ﾐSざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さTｴW B;ｴ;ﾏ;ゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さTｴW G;ﾏHｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さTｷﾏﾗヴ-LWゲデWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さTﾗｪﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さTﾗﾐｪ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さTヴｷﾐｷS;S ;ﾐS 
TﾗH;ｪﾗざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さT┌ﾐｷゲｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さT┌ヴﾆﾏWﾐｷゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さUｪ;ﾐS;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さUﾆヴ;ｷﾐWざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さUﾐｷデWS Aヴ;H Eﾏｷヴ;デWゲざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さUヴ┌ｪ┌;┞ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さU┣HWﾆｷゲデ;ﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さV;ﾐ┌;デ┌ざぷTｷデﾉWっAHゲデヴ;Iデへ OR 

さVWﾐW┣┌Wﾉ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さVｷWデﾐ;ﾏざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さYWﾏWﾐざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さ);ﾏHｷ;ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さ)ｷﾏH;H┘WざぷTｷデﾉWっAHゲデヴ;Iデへぶ NOT ふ ;ﾐｷﾏ;ﾉゲぷMW“Hへ NOT ｴ┌ﾏ;ﾐゲぷMW“Hへ ぶ 
NOT ふ さSWﾏﾗｪヴ;ヮｴｷI ;ﾐS ｴW;ﾉデｴ ゲ┌ヴ┗W┞ゅざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ DH“ぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さヴWヮヴﾗS┌Iデｷ┗W 
ｴW;ﾉデｴ ゲ┌ヴ┗W┞ゅざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ‘H“ぷTｷデﾉWっAHゲデヴ;Iデへ ぶ ぶ ぶ AND ふ ヲヰヱヶっヰΒっヱヵぷPD;デへ ぎ ヲヰヱΑっヱヲっンヱぷPD;デへ ぶ 
)))   ) OR (  (  HIV[Title/Abstract]  OR "Acquired Immunodeficiency Syndrome"[Title/Abstract]  OR 

AIDS[Title/Abstract] )  AND ( さヮヴWｪﾐ;ﾐデざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ さヮヴWｪﾐ;ﾐI┞ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さヮﾗゲデヮ;ヴデ┌ﾏざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ ゎヮﾗゲデ ヮ;ヴデ┌ﾏゎぷTｷデﾉWっAHゲデヴ;Iデへ  ) AND (  さﾏﾗヴデ;ﾉｷデ┞ざぷTｷデﾉWっAHゲデヴ;Iデへ O‘ 
さSW;デｴざぷTｷデﾉWっAHゲデヴ;Iデへ  )  NOT "case report"  NOT ( animals[MeSH] NOT humans[MeSH]  )  AND 

(  2016/08/15[PDat] : 2017/12/31[PDat]   )  ) 

 

Maternal Disorders 

 

 Incidence 

Studies 22 

Countries/subnationals 21/3 
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GBD world regions 10 

 

The table below shows the number of site-years by maternal cause:  

Maternal haemorrhage 

  

Case fatality 

rate 

Incidence 

Site-years (total) 18 763 

Number of countries with data 12 62 

Number of GBD regions with data (out of 21 regions) 8 19 

Number of GBD super-regions with data (out of 7 super-regions) 6 7 

 

Hypertensive disorders of pregnancy 

  

Case 

fatality 

rate 

Incidence 

Site-years (total) 14 1,416 

Number of countries with data 11 71 

Number of GBD regions with data (out of 21 regions) 7 19 

Number of GBD super-regions with data (out of 7 super-regions) 5 7 

 

Eclampsia 

  

Case 

fatality 

rate 

Incidence 

Site-years (total) 56 787 

Number of countries with data 24 70 

Number of GBD regions with data (out of 21 regions) 12 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 7 

 

Severe pre-eclampsia 

  

Case 

fatality 

rate 

Incidence 

Site-years (total) 7 656 

Number of countries with data 7 30 

Number of GBD regions with data (out of 21 regions) 6 14 

Number of GBD super-regions with data (out of 7 super-regions) 5 6 

 

Obstructed labour 

  Incidence 
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Site-years (total) 1,301 

Number of countries with data 42 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Abortion and miscarriage 

  Incidence 

Site-years (total) 2,477 

Number of countries with data 51 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Ectopic pregnancy 

  

Case 

fatality 

rate 

Incidence 

Site-years (total) 1 573 

Number of countries with data 1 40 

Number of GBD regions with data (out of 21 regions) 1 14 

Number of GBD super-regions with data (out of 7 super-

regions) 1 7 

 

Puerperal sepsis 

  

Case 

fatality 

rate 

Incidence 

Site-years (total) 14 1,310 

Number of countries with data 13 57 

Number of GBD regions with data (out of 21 regions) 10 18 

Number of GBD super-regions with data (out of 7 super-

regions) 7 7 

 

Other maternal infections  

  Incidence 

Site-years (total) 710 

Number of countries with data 42 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Modelling strategy  

We estimated the incidence ratio of each category of pregnancy complications using DisMod-MR 2.1, 

with the exception of other maternal disorders, which we estimated using a YLD-to-YLL ratio approach 

used in multiple causes across GBD 2017. The reason is that most literature and surveillance data are 

expressed in terms of number of events per livebirth rather than per population. Hospital and claims 

data, which were centrally processed for all GBD 2017 causes to have population as the denominator, 

were transformed to have livebirths as the denominator by dividing by age-specific fertility rate (ASFR; 

live births per population).  

We used the datasets described above to estimate incidence ratio for each age-sex-location-year in the 

GBD 2017 location hierarchy using DisMod-MR 2.1. A number of study-level covariates were used to 

crosswalk from non-standard sub-populations or case definitions. For most conditions, MarketScan claims 

data or literature data were considered to be the closest approximation of the true incidence of 

complications, and so were identified as the reference category. A series of country covariates were then 

chosen to help drive the magnitude of estimates in areas of sparse or absent data. As fertility rate is 

partially related to the number of cases of a given complication, the natural log of total fertility rate (TFR) 

from our demographics analysis was used in most of the models. No specific age or slope priors were 

used. All models were run with a time window of five years. The quantitative results of study-level and 

country-level covariates for each condition are shown below.  

 

Abortion and miscarriage 

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Not representative Incidence Global -1 ( -1.97 to 0) 0.37 (0.14に1.00) 

Hospital inpatient Incidence Global 
-4.3e-04 (-5.9e-04 to 

-1.2e-04) 
1.00 (1.00に1.00) 

DHS survey data  Incidence Global 
-8.7e-04 (-0.0023 to 

-1.4e-04) 
1.00 (1.00に1.00) 

 

Country-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Legality of abortion Incidence Global 
0.020 (0.019 to 

0.021) 
1.02 (1.02に1.02) 

Antenatal care (4 visits) 

coverage (proportion) 
Incidence Global 

-2.3e-05 (-2.8e-05 to 

-4.6e-06) 
1.00 (1.00に1.00) 

Contraception (modern) 

prevalence (proportion) 
Incidence Global -0.1 ( -0.1 to -0.1) 0.90 (0.90に0.90) 

 

 

Ectopic pregnancy 
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Country-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Legality of abortion Incidence Global 
-0.0086 (-0.0096 to 
-0.0075) 

0.99 (0.99に0.99) 

Pelvic inflammatory 

disease age-

standardised prevalence 

Incidence Global 
0.60 (0.050 to 
0.99) 

1.82 (1.05に2.68) 

Ectopic pregnancy 

lnASDR 
Incidence  Global 

0.0013 (0.000041 
to 0.0043) 

1.00 (1.00に1.00) 

 

Maternal haemorrhage 

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Postpartum 

haemorrhage only 
Incidence Global 

-0.0092 (-0.034 to 
-0.00015) 

0.99 (0.97に1.00) 

Antepartum 

haemorrhage only 
Incidence Global 

-0.34 (-0.77 to -

0.032) 
0.71 (0.46に0.97) 

Severe haemorrhage 

only 
Incidence Global -0.19 (-0.4 to -0.018) 0.82 (0.67に0.98) 

Severe haemorrhage 

excluded 
Incidence Global 

-0.075 (-0.26 to -

0.0027) 
0.93 (0.77に1.00) 

 

 

Country-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Skilled birth attendance 

(proportion) 
Incidence Global 

-0.0039 (-0.016 to -

0.00037) 
1.00 (0.98に1.00) 

Socio-demographic 

Index 
Incidence Global -0.1 (-0.11 to -0.1) 0.90 (0.90に0.90) 

Total fertility rate Incidence Global 
0.0027 (0.00012 to 

0.0099) 
1.00 (1.00に1.01) 

 

Hypertensive disorders of pregnancy 

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Hospital inpatient Incidence Global -0.3 (-0.3 to -0.3) 

 
0.74 (0.74に0.74) 

 

Literature Incidence Global -0.23 (-0.24 to -0.22) 

 

0.80 (0.79に0.80) 

 

Diagnostic criteria for 

severe cases 
Incidence Global -2 (-4 to 0) 0.14 (0.018に1.00) 

Includes only pre-

eclampsia data (no other 
Incidence Global -0.69 (-0.71 to -0.67) 0.50 (0.49に0.51) 
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gestational 

hypertension) 

Chronic hypertension 

combined with 

hypertensive disorders 

of pregnancy 

Incidence Global 1.01 (0.97に1.05) 2.75 (2.64に2.86) 

 

Country-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Antenatal vare (4 visits) 

voverage (proportion) 
Incidence Global 

-5.1e-06 (-5.7e-06 to 

-3.5e-06) 
1.00 (1.00に1.00) 

Systolic blood pressure 

(mmHg) 
Incidence Global 

-0.0098 (-0.013 to -

0.0063) 
0.99 (0.99に0.99) 

Total fertility rate Incidence Global 
-1.7e-04 (-1.7e-04  

to -1.7e-04) 
1.00 (1.00に1.00) 

 

Eclampsia 

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Hospital inpatient Incidence Global 
4.6e-04 (9.4e-05  to 

0.0011) 
1.00 (1.00に1.00) 

MarketScan Incidence Global -0.37 (-0.39 to -0.36) 0.69 (0.68に0.70) 

Inpatient-only 

MarketScan, year 2000 
Incidence Global -1.54 (-1.59 to -1.49) 0.21 (0.20に0.23) 

 

Country-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Antenatal care (4 visits) 

coverage (proportion) 
Incidence Global -1.76 (-3.7 to -1.11) 0.17 (0.025に0.33) 

Total fertility rate Incidence Global -0.24 (-0.33 to -0.21) 0.79 (0.72に0.81) 

 

Severe pre-eclampsia 

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Includes only pre-
eclampsia data (no 
other gestational 
hypertension) 

Incidence Global -0.34 (-0.52 to -0.21) 0.71 (0.59に0.81) 

MarketScan Incidence Global 0.67 (0.55に0.83) 1.94 (1.73に2.28) 

 

Country-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Antenatal Care (4 visits) 

Coverage (proportion) 
Incidence Global 

-0.014 (-0.055 to -

2.1-04) 
1.00 (0.99に1.00) 
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Total fertility rate Incidence Global 
-0.058 (-0.16 to -

0.0021) 

 

0.94 (0.85に1.00) 

 

LDI (I$ per capita) Incidence Global 
-0.052 (-0.1 to -

0.013) 
0.95 (0.90に0.99) 

 

Obstructed labour and uterine rupture 

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Risk of bias high Incidence Global 1.50 (1.50に1.50) 4.48 (4.48に4.48) 

MarketScan Incidence Global 

 

0.95 (0.92に0.98) 

 

2.59 (2.51に2.67) 

Marketscan, year 2000 Incidence Global 1.99 (1.95に2.00) 7.29 (7.04に7.39) 

 

Country-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Stunting (proportion 

<2SD height for age, <5 

years) 

Incidence Global 
0.0014 (0.00023に
0.0064) 

1.00 (1.00に1.01) 

Skilled birth attendance 

(proportion) 
Incidence Global 

-9.6e-04 (-0.0042 to 

-1.4e-04) 
1.00 (1.00に1.00) 

 

Maternal sepsis  

Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Hospital inpatient Incidence Global 0.098 (0.0066に0.22) 1.10 (1.01に1.24) 

Diagnostic criteria for 

severe cases 
Incidence Global -1.32 (-1.67 to -1) 0.27 (0.19に0.37) 

MarketScan, year 2000 
Incidence 

Global 
-0.0033 (-0.42 to 

0.44) 
1.00 (0.66に1.55) 

MarketScan Incidence Global -0.75 (-0.86 to -0.65) 0.47 (0.42に0.52) 

 

Country-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Diabetes age-

Standardised prevalence 

(proportion) 

Incidence Global 0.14 (0.0031に0.51) 1.15 (1.00に1.66) 

Maternal sepsis and 

other maternal 

infections LN-ASDR 

Incidence Global  0.12 (0.11に0.14) 1.13 (1.11に1.15) 

 

Other maternal infections: 
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Study-level covariate Parameter 
Geography 

level 
beta Exponentiated beta 

Hospital inpatient Incidence Global -0.25 (-0.3 to -0.2) 
 

0.78 (0.74に0.82) 

Under-reported Incidence Global 
-0.45 (-1.02 to -

0.024) 
0.64 (0.36に0.98) 

 

Country-level covariate Parameter Geography 

level 

beta Exponentiated beta 

Socio-demographic 

Index 
Incidence Global 

-0.0028 (-0.008 to -

8.5e-05) 
1.00 (0.99に1.00) 

 

Severity splits 

After completion of DisMod-MR 2.1 models, all age-specific ratios were then converted to population 

rates by multiplying by ASFR. Maternal haemorrhage was split between moderate (500 to <1000 ml blood 

loss) and severe (>1000 ml blood loss) on the basis of a meta-analysis of 19 studies1. Data on the average 

duration of acute symptoms were not available so, after consultation with clinician collaborators, we 

assigned a duration of seven days (+/-3) for moderate haemorrhage and 14 days (+/- 4) for severe 

haemorrhage. The total maternal haemorrhage incidence served as input to the causal attribution 

process of the overall anaemia envelope, which is described separately. This is a change from GBD 2013, 

when only the prevalence of maternal haemorrhage was considered in anaemia causal attribution, which 

was inappropriate because the disability from haemorrhage-induced anaemia is longer-lasting than the 

acute haemorrhagic event, a situation that was not previously reflected. Acute disability was calculated 

assuming incident cases of abortion and miscarriage persist for an average of three days (+/-1). The same 

was calculated for ectopic pregnancy. Obstructed labour was assigned a duration of five days (+/-2). 

Again, these determinations were based on clinical expert determination as we could not identify any 

data to inform this.   

Hypertensive disorders of pregnancy (HDoP) and maternal sepsis and other maternal infections were 

estimated in two models each. HDoP YLD estimates included severe pre-eclampsia and other HDoP which 

were derived from two models of total HDoP and severe pre-eclampsia. The duration of severe pre-

eclampsia was assigned to be 7 days (+/-2) and other HDoP was assigned a duration of three months (2-

4). Eclampsia was a separate model, assigned a duration of one day (+/-1). A large number of those with 

severe pre-eclampsia go on to have long-term sequelae of the condition2, as do those with eclampsia3,4, 

both of which were included in the estimates of HDoP and made up the bulk of the YLDs for those 

conditions. Maternal sepsis was assigned a duration of five days (+/-2) and, based on the same data 

identified in our review of pelvic inflammatory disease (PID; described separately), a proportion of 

incident cases were estimated to continue on to have secondary infertility due to maternal sepsis. Other 

maternal infections were assigned a wide potential duration of 15 to 45 days (mean 30).  

Uncertainty and model selection 
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For all maternal disorders, uncertainty bounds include uncertainty due to input data, crosswalks from 

non-reference definitions, uncertainty in numerical solutions (posteriors) of each DisMod-MR 2.1 model, 

duration of symptoms, and proportion of all persons with each type of symptom.  

In consultation with GBD researchers and collaborators, final models were selected on a combination of 

qualitative and quantitative goodness of fit to input data, plausibility of geographic and temporal trends, 

consistency of age pattern, and, when available, comparison with other published studies on the 

epidemiology of pregnancy complications. Directionality, magnitude, and plausibility of study-level and 

country-level covariates were also considered in the process of model development. Of note, due to the 

nature of statistical modelling, final results do not always cover the values reported in input data. 
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Maternal disorders (Obstetric fistula) 
 

Flowchart 
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Case Definition 

This is estimated as a component of maternal obstructed labour. Obstetric fistula is a severe long-term 

complication of prolonged obstructed labour in which a fistula (hole) develops between the birth canal 

and the bladder and/or rectum.  

 

Input data 

 Model Inputs 

A systematic review was conducted for GBD 2015. The PubMed search terms were: (('obstetric fistula'[All 

Fields] OR 'vesicovaginal fistula'[All Fields]) OR 'rectovaginal fistula'[All Fields]) AND ('2013'[PDAT] : 

'2015'[PDAT]) AND 'humans'[MeSH Terms]. 

The exclusion criteria were: 

1. Studies that did not provide primary data on epidemiological parameters, eg, 

commentaries 

2. Case series 

3. Reviews 

 

The table below shows the number of literature studies included in GBD 2017, as well as the number of 

countries or subnational units and GBD world regions represented. 

 Prevalence Incidence Mortality risk 

273



Studies 8 3 - 

Countries/subnationals 8 3 - 

GBD world regions 3 1 - 

In addition to using data from published studies, we also included data from UNFPA reports and 

nationally representative Demographic and Health Surveys and Multiple Indicator Cluster Surveys. 

The data used in these models are summarised in the table below:  

  Incidence Prevalence Remission 

Site-years (total) 4 32 10 

Number of countries with data 4 26 10 

Number of GBD regions with data (out of 21 regions) 1 5 3 

Number of GBD super-regions with data (out of 7 super-

regions) 1 3 1 

 

 

 Severity Splits 

The following severity distributions were assigned based on a meta-analysis of published studies1-4 and 

Pakistan Demographic and Health survey (2006に2007): vesicovaginal fistula (90.8%, 95% CI: 85.0 to 

95.4%); rectovaginal fistula (9.2%, 95% CI: 4.6 to 15.0%). The lay descriptions and disability weights for 

severity levels derived from the GBD disability weights study are shown below. 

 

Severity level Lay description DW (95% CI) 

vesicovaginal 

fistula 

has an abnormal opening between the bladder and the vagina, 

which makes her unable to control urinating. The woman is 

anxious and depressed. 

0.342 

(0.227に0.478) 

rectovaginal 

fistula 

has an abnormal opening between her vagina and rectum 

causing flatulence and feces to escape through the vagina. The 

person gets infections in her vagina, and has pain when 

urinating. 

0.501 

(0.339に0.657) 

 

 

Modelling Strategy 

For GBD 2017, obstetric fistula was modelled using DisMod-MR 2.1. We used neonatal mortality rate as a 

country-level covariate. We also included a study-level covariate indicating whether it was a hospital-

based or community-based study. We assume obstetric fistula is restricted to sub-Saharan Africa, South 

Asia, Yemen, Afghanistan, and Sudan. Remission was calculated, using the cure data from 11 

Demographic and Health surveys, by dividing the number of cured obstetric fistula cases by total person-

years of follow-up of all cases (cured, uncured, and untreated). The person-year of follow-up for uncured 

or untreated fistula cases was calculated as the time interval (in years) between the last birth and the 

date of interview. For cured cases, we assumed that the person-year of follow up was half the time 

interval (in years) between the last birth and the date of interview. 
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Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the table 

below: 

Covariate Parameter Beta (95% CI) Exponentiated beta 

(95% CI) 

Neonatal mortality rate Prevalence 1.95 (1.78に2.00) 7.00 (5.92に7.38) 

Neonatal mortality rate Incidence 0.39 (0.018に1.08) 1.48 (1.02に2.95) 

Neonatal mortality rate Remission -0.78 (-0.99 to -0.38) 0.46 (0.37に0.68) 

Hospital data Prevalence -1.75 (-1.99 to -1.29) 0.17 (0.14に0.28) 

Hospital data Incidence -0.79 (-1.93 to 0.32) 0.46 (0.14に1.38) 
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Neonatal preterm birth complications 
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Input data and methodological summary 

Case definition 

Preterm birth is defined as live birth before 37 completed weeks of gestation. In our analysis, we further break 

down this cause into three sub-categories of preterm birth, based on gestational age: extremely preterm (<28 

weeks), very preterm (28 to <32 weeks), and moderate to late preterm (32 to <37 weeks). These categories are 

based on the World Health Organization (WHO) definition of preterm birth.   

Modelling Strategy 

Modeling for neonatal preterm birth is in five parts: 

Process 1: Estimation of birth prevalence distributions of extremely preterm birth (<28 weeks) and preterm birth 

(<37 weeks) 

Process 2: Ageing birth prevalence distribution through early and late neonatal periods to 28 days and aggregating 

into preterm categories (<28 weeks, 28-<32 weeks, and 32-<37 weeks) 

Process 3: Estimation of asymptomatic, mild, and moderate-severe impairment proportions at 28 days 

Process 4: Splitting Neonatal Preterm Birth Prevalence Envelopes into asymptomatic, mild, and moderate-severe 

prevalence across all ages 

Process 5: Splitting mild and moderate-severe impairment prevalence into sequelae   

Process 1: Estimation of birth prevalence distributions of extremely preterm birth (<28 weeks) and preterm 

birth (<37 weeks) 

 

Spatiotemporal Gaussian process regression was used to estimate a birth prevalence envelope of preterm (<37 

weeks) birth and a birth prevalence envelope of extremely preterm (<28 weeks) birth for all locations, years, and 

sexes estimated in GBD.  
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Input data: preterm birth (<28 and <37 weeks)   

Preterm birth (<28 and <37 weeks) prevalence data were sourced from literature, registry, survey, and clinical 

informatics data.  

Clinical informatics prevalence data  

Only inpatient data were included from clinical informatics datasets, because we believed it would be more 

representative of the true prevalence of preterm birth than outpatient data: preterm birth in the countries from 

which hospital data were available are almost sure to be admitted to the hospital, whereas outpatient data are 

more likely to capture repeated visits by the same child as they grow. Hospital data were adjusted to account for 

multiple admissions before transformation into incidence and upload into the DisMod model. 

Claims data were not included in either preterm model, as they were was implausibly low, and high-quality registry 

data were available for all locations where claims data were available (United States, Taiwan, and Singapore).  

Literature prevalence data 

An initial systematic review was completed for GBD 2010, and for GBD 2013 and GBD 2016, a review was 

conducted on literature published since the previous addition. A second systematic review was done in GBD 2017 

to capture any data not yet included in the previous searches. The PubMed database was searched using the 

following search string: ((("Infant, Premature"[Mesh] OR ("infant"[All Fields] AND "premature"[All Fields]) OR 

"premature infant"[All Fields] OR ("preterm"[All Fields] AND "infant"[All Fields]) OR "preterm infant"[All Fields] OR 

("infant, newborn"[MeSH Terms] OR ("infant"[All Fields] AND "newborn"[All Fields]) OR "newborn infant"[All 

Fields] OR ("newborn"[All Fields] AND "infant"[All Fields])) AND (premature[All Fields] OR preterm[All Fields]) OR 

"premature birth"[MeSH Terms] OR ("premature"[All Fields] AND "birth"[All Fields]) OR "premature birth"[All 

Fields] OR ("preterm"[All Fields] AND "birth"[All Fields]) OR "preterm birth"[All Fields]) ((("Infant, 

Premature"[Mesh] OR ("infant"[All Fields] AND "premature"[All Fields]) OR "premature infant"[All Fields] OR 

("preterm"[All Fields] AND "infant"[All Fields]) OR "preterm infant"[All Fields] OR ("infant, newborn"[MeSH Terms] 

OR ("infant"[All Fields] AND "newborn"[All Fields]) OR "newborn infant"[All Fields] OR ("newborn"[All Fields] AND 

"infant"[All Fields])) AND (premature[All Fields] OR preterm[All Fields]) OR "premature birth"[MeSH Terms] OR 

("premature"[All Fields] AND "birth"[All Fields]) OR "premature birth"[All Fields] OR ("preterm"[All Fields] AND 

"birth"[All Fields]) OR "preterm birth"[All Fields]) AND ("2012"[PDAT] : "3000"[PDAT]) AND "humans"[MeSH 

Terms].  

The exclusion criteria were: 

1. Studies that did not provide primary data on epidemiological parameters, eg, a commentary piece 

2. Non-representative studies (eg, only high-risk pregnancies) 

3. Reviews 

Low birth weight data 

 

Low birth weight (<2500 grams) data was extracted from literature, vital registration systems, and surveys. DHS 
survey data were observed to have high missingness; to correct for the missingness, birth weight was imputed 
using the Amelia package in R.  Birth weight was predicted using standard Amelia imputation methods from the 
following variables also in the DHS surveys: urbanicity, sex, birthweight recorded on card, birth order, maternal 
education, paternal education, child age, child weight, child height, mother’s age at birth, mother’s weight, shared 
toilet facility, and household water treated.

The preterm birth (<37 weeks) ST-GPR model was informed by low birth weight (<2500 grams) data. Low birth  
weight data are more readily available than preterm birth data, especially in low- and middle-income countries. In 
data sources where both preterm birth (<37 weeks) and low birth weight data were available for the same  
location, year, and sex, preterm birth was regressed on low birth weight. The regression was then used to predict  
the preterm birth estimate for all low birth weight data that were used in the low birth weight ST-GPR model 

(outliers excluded, post-imputation for missing birth weight). Figure 1 shows the preterm birth mean prevalence  
estimated from the low birth weight mean.   277



 

 

Table 1 shows the number of site-years of data by type included in GBD 2017, as well as the number of countries, 

GBD regions, and GBD super-regions represented. 

Table 1. Geographic representation for preterm models 

 

Preterm 

<28 wks 

Preterm 

<37 wks 

LBW 

<2500g 

Site-years (total) 1,872 2,420 2,980 

Number of countries with data 45 75 154 

Number of GBD regions with data (out of 21 regions) 14 21 21 

Number of GBD super-regions with data (out of 7 super-regions) 6 7 7 

 

Modelling steps 

ST-GPR models were used to estimate categorical estimates of preterm birth (<37 weeks) and extreme preterm 

birth (<28 weeks) for every sex/location/year estimated in GBD. Mean gestational age for every sex/location/year 

is also estimated from the categorical prevalence estimates. Ordinary least squares was used to model mean 

gestational age for all location-year-sexes by regressing mean gestational age on prevalence of <37 weeksげ 
gestation per location-year. All data in Table 2 were used to fit the model.  

Table 2: Summary of data inputs 

Location Years of data Total births*  Format of 

data 

BRA 2016 2,854,380 Microdata 

ECU 2003-2015 2,473,039 Microdata 

ESP 1990-2014 8,537,220 Microdata 

JPN 1995-2015 23,644,506 Tabulations 

MEX 2008-2012 10,256,117 Microdata 

NOR 1990-2014 1,489,210 Microdata 

NZL 1990-2016 1,600,501 Microdata 

SGP 1993-2015 972,775 Tabulations 

TWN 1998-2002 1,331,760 Tabulations 
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URY 1996-2014 698,622 Microdata 

USA 1990-2014 81,929,879 Microdata 

* Pooled across all year and sexes, excluding data missing year of birth, gestational age, or birth weight 

Ensemble model methods standard to GBD are used to model the distribution at birth of gestational age. 

Gestational age ensemble distribution models used the prevalence of <37 weeksげ gestation, the prevalence of <28 

weeksげ gestation, and mean gestational age per each location-year-sex as inputs into the model.  

Global ensemble weights for gestational age were derived by using a 3 million sample of all available microdata in 

Table 2 to select the ensemble weights. Of the exponential, gamma, inverse gamma, Weibull, log normal, and 

normal distributions, the three distribution families that received the highest weights were the Weibull (87%), 

normal (4%), and inverse gamma (4%) distributions.  

The gestational birth prevalence distributions were then paired with low birth weight prevalence distributions 

using copulae methodology to create joint distributions of gestational age and birth weight. These were then split 

ｷﾐデﾗ ヵヰヰｪ ;ﾐS ヲ┘ﾆ ﾃﾗｷﾐデ さHｷﾐゲざ ふWg, 4000に4500g and 34に36wks of gestation). More information on this 

methodology can be found in the Low Birth Weight & Short Gestation (LBWSG) risk factor appendix of the GBD 

2017 Risk Factor capstone.  

Process 2: Aging birth prevalence distribution through early and late neonatal periods to 28 days and 

aggregating into <28 wk, 28-<32 wk, and 32-<37 wk preterm categories  

Early neonatal prevalence and late neonatal prevalence were estimated using life table approaches for each 500g 

& 2-week bin. Using the all-cause early neonatal mortality rate for each location-year-sex, births per location-year-

sex-bin, and the relative risks for each location-year-sex-bin in the early neonatal period (estimated in a separate 

process of the LBWSG methods), the all-cause early neonatal mortality rate was calculated for each location-year-

sex-bin. The early neonatal mortality rate per bin was used to calculate the number of survivors at seven days and 

prevalence in the early neonatal period. Using the same process, the all-cause late neonatal mortality rate for each 

location-year-sex was paired with the number of survivors at seven days and late neonatal relative risks per bin to 

calculate late neonatal prevalence and survivors at 28 days. 

The 500g and 2-week bins at birth, early neonatal, late neonatal, and 28 days were re-aggregated into three 

preterm categories: <28 weeks of gestation, 28-<32 weeks of gestation, and 32-<37 weeks of gestation. These 

estimates formed the neonatal preterm prevalence envelope estimates for each gestational age category.  

Process 3: Estimation of asymptomatic, mild, and moderate-severe impairment proportions at 28 days 

Using mild impairment proportion and moderate-to-severe impairment proportion data, we ran a single mixed-

effects regression model, with a dummy variable on each gestational age and proportion type, to generate 

country-year-sex-specific estimates of both parameters for each gestational age. The remainder of 1 に (mild 

proportion + moderate-severe proportion) was assigned to asymptomatic proportion, by gestational age. 
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Figure 1: Impairment proportions by gestational age and severity type 

 

 

Process 4: Splitting neonatal preterm birth prevalence envelopes into asymptomatic, mild, and moderate-

severe prevalence across all ages 

Asymptomatic, mild, and moderate-severe impairment proportions at 28 days were applied to prevalence at 28 

days. Asymptomatic prevalence was assumed to be the same at early neonatal, late neonatal, and post-neonatal 

period as at 28 days. Asymptomatic prevalence was set to 0 after the post-neonatal period, as no burden is 

assumed after 1 year. Mild prevalence was assumed to be the same at all GBD age groups as at 28 days, reflecting 

the assumption that there is no excess mortality among those born with mild impairment due to neonatal preterm 

birth. 

For moderate/severe impairment, moderate-severe prevalence calculated at birth, early neonatal, and late 

neonatal periods were combined with excess mortality estimates derived from the standard mortality ratios (SMR) 

of cerebral palsy and used as inputs into a second DisMod-MR model. SMR was converted to EMR by multiplying 

age-specific mortality by age-specific standardised mortality ratios - 1. For this model, remission and incidence 

were also set to zero. For mild impairment, we assumed no excess mortality and no remission, and as such simply 

applied the birth prevalence of mild impairment to every age group. 

The sum of asymptomatic and mild impairment in the early and late neonatal periods was subtracted from the 

neonatal preterm birth envelope estimates for each gestational age in the early and late neonatal periods, 
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respectively, in order to estimate moderate-severe impairment. This reflects the assumption that all deaths in the 

early and late neonatal period were among those with moderate-severe impairment, and all newborns born with 

asymptomatic or mild impairment due to preterm birth did not experience excess mortality.  

Process 5: Splitting mild and moderate-severe impairment prevalence into sequelae   

Mild impairment and moderate-severe impairment due to neonatal preterm birth are split into the following 

sequelae. To determine the proportion of people within each of these severity levels, one study informed 

moderate-to-severe impairment splits, and mild impairments cases were divided equally into both categories.1 

Table 3: Health states by severity (identical across gestational ages) 

Health State Mild Moderate Severe  

Motor only X X X 

Motor + Cognitive  X   

Motor + Epilepsy  X X 

Motor + Blindness  X X 

Motor + Blindness + Epilepsy  X X 

Motor + Blindness + Cognitive  X X 

Motor + Epilepsy + Cognitive  X X 

Motor + Blindness + Epilepsy + 

Cognitive 

 X X 

 **For disability weights and combined disability weights, please refer to the disability weights table in the 

appendix. 

Retinopathy of prematurity  

The proportion of infants born with prematurity and surviving to the end of the neonatal period who go 

onto develop retinopathy of prematurity is applied to prevalence of preterm birth at 28 days. 

Proportional splits were estimated by regressing proportion of ROP among preterm infants on log NMR 

from 55 studies in 19 countries. The prevalence of infants with ROP is then split into five vision sequelae 

of varying severity: asymptomatic, mild, moderate, severe, and complete vision loss (blindness). 

 

 

                                                           
1 Badawi et al Developmental Medicine & Child Neurology, 2005, 47:293-8 
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Neonatal encephalopathy due to birth asphyxia and birth trauma 
  

Flowchart 

 

Input data and methodological summary 

 

Case definition 

Neonatal encephalopathy (NE) due to birth asphyxia and birth trauma, also called hypoxic-ischaemic 

encephalopathy, is defined as injury to the brain in the first few moments or days of life in an infant born at term. 

NE has multiple aetiologies and is defined more by its symptoms に abnormal neurological function, including 

reduced level of consciousness, seizures, depression of tone and reflexes, or difficulty maintaining respiration に 

than its origin. NE can occur when an infant is deprived of oxygen during delivery or sustains physical trauma to 

the head, among other causes.  

Modelling Strategy 

Modelling for NE is in four parts: 

Process 1: Estimation of NE prevalence envelope at birth, neonatal, and 28 days  

Process 2: Estimation of asymptomatic, mild, and moderate-severe impairment proportions at 28 days 

Process 3: Splitting NE prevalence envelope into asymptomatic, mild, and moderate-severe prevalence across all 

ages 

Process 4: Splitting mild and moderate-severe impairment prevalence into sequelae   

Process 1: Estimation of NE prevalence envelope at birth, neonatal, and 28 days 

DisMod-MR is used to estimate an envelope of neonatal encephalopathy prevalence at birth, early neonatal, and 

late neonatal periods for all locations, years, and sexes estimated in GBD. Two types of input data inform the 

DisMod model: prevalence data and case fatality ratio (CFR) data. 

Input data: prevalence  

Prevalence data were sourced from literature and clinical informatics data. 

Clinical informatics prevalence data  
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Clinical informatics data (hospital and claims) formed the bulk of the input data for the NE envelope model. Only 

inpatient data were included from these datasets, because we believed it would be more representative of the 

true prevalence of neonatal encephalopathy than outpatient data: infants with neonatal encephalopathy in the 

countries from which hospital data were available are almost sure to be admitted to the hospital, whereas 

outpatient data are more likely to capture repeated visits by the same child as they grow. 

After noticing instability in hospital data across locations when using the ICD codes mapped to neonatal 

encephalopathy in GBD 2016, we chose this year to use only hospital data coded to P21 (birth asphyxia), P24 

(neonatal aspiration syndromes), and P91 (hypoxic ischaemic encephalopathy, unspecified), and their more 

detailed sub-codes. These codes are believed to be most representative of neonatal encephalopathy in the 

hospital datasets used in GBD; subsetting to these ICD codes led to stable data that matched available literature 

data. Hospital data were then adjusted to account for multiple admissions before upload into the DisMod model. 

Literature prevalence data 

A systematic review for NE was completed for GBD 2010. For GBD 2013 and GBD 2015, a review was conducted on 

literature published since the previous edition. The PubMed database was searched using the following search 

string: ((("infant"[Title/Abstract] OR "newborn"[Title/Abstract] OR "newborn infant"[Title/Abstract]) AND 

("encephalopathy"[Title/Abstract] OR "neonatal encephalopathy"[Title/Abstract] OR "perinatal 

asphyxia"[Title/Abstract] OR "asphyxia neonatorum"[Title/Abstract] OR "newborn encephalopathy"[Title/Abstract] 

OR "hypoxic ischaemic encephalopathy"[Title/Abstract] OR ("birth trauma"[Title/Abstract] AND "birth 

asphyxia"[Title/Abstract]))) AND ("2012"[PDAT] : "3000"[PDAT]) AND "humans"[MeSH Terms])  

The exclusion criteria were:  

1. Studies that did not provide primary data on epidemiological parameters, eg, a commentary piece 

2. Non-representative studies (eg, only high-risk pregnancies) 

3. Reviews 

No additional literature searches were done for GBD 2016 and 2017. 

Input data: case fatality ratio  

Prior to input into DisMod, CFR data are transformed into excess mortality rate (EMR) using the formula 継警迎 噺 伐 狸樽岫怠貸寵庁眺岻匂尼熱濡 任肉 任弐濡賑認寧尼禰日任韮 妊賑認日任匂典展天 , which is analogous to the transformation of cumulative incidence to incidence rate. The 

denominator in this equation is the number of days in the observation period for the data point に for example, 

data that followed newborns with neonatal encephalopathy for one year would have a denominator of 1.   

Table 1 shows the number of site-years of data by type included in GBD 2017, as well as the number of countries, 

GBD regions, and GBD super-regions represented. 

Table 1. Geographic representation for NE envelope model 

 

Case 

fatality 

rate 

Prevalence 

Site-years (total) 36 1,329 

Number of countries with data 24 51 

Number of GBD regions with data (out of 21 regions) 12 20 

Number of GBD super-regions with data (out of 7 super-regions) 6 7 
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Modelling Steps 

A DisMod model estimated prevalence at birth, and early and late neonatal age groups. Remission and incidence 

are both set to zero, as no one can develop encephalopathy after birth, and no one can cease to have been born 

with encephalopathy after the fact. Three country-level covariates informed prevalence estimated: in-facility 

delivery, skilled birth attendance, and underweight women of reproductive age. Excess mortality was informed by 

the country-level covariate lag-distributed income. A study-level covariate was set on all claims data.  

After estimating birth prevalence and early neonatal and late neonatal age groups, prevalence at 28 days was 

estimated by linearly extrapolating early neonatal and late neonatal prevalence. Prevalence at 28 days is not an 

age group that is reported in GBD, but it is required for modelling since the proportional severity splits from 

literature, which determine asymptomatic, mild, and moderate-severe prevalence, are based on prevalence at 28 

days. 

Process 2: Estimation of asymptomatic, mild, and moderate-severe impairment proportions at 28 days 

Using mild impairment proportion and moderate-to-severe impairment proportion data, we ran mixed-effect 

hierarchical regressions with log neonatal mortality rate as a predictor and a dummy variable on proportion 

severity (mild or moderate-severe) to generate country-year-sex-specific estimates of both parameters. The 

remainder of 1 に (mild proportion + moderate-severe proportion) was assigned to asymptomatic proportion. 

As mild impairment and moderate-severe impairment were calculated separately, it was possible that they could 

sum to a value greater than one. To address this, we checked the sum of the two values in any of the 1,000 

iterations of the uncertainty analysis, and if greater than 0.9, proportionately rescaled both estimates to sum to 

0.9 in any of the 1,000 iterations of the uncertainty analysis (we picked 0.9 rather than 1 to allow at least some 

probability of a child having no impairment). 

 

 

Process 3: Splitting NE prevalence envelope into asymptomatic, mild, and moderate-severe prevalence 

across all ages 

Asymptomatic, mild, and moderate-severe impairment proportions at 28 days were applied to prevalence at 28 

days. Asymptomatic prevalence was assumed to be the same at early neonatal, late neonatal, and post-neonatal 

period as at 28 days. Asymptomatic prevalence was set to 0 after the post-neonatal period, as no burden is 
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assumed after 1 year. Mild prevalence was assumed to be the same at all GBD age groups as at 28 days, reflecting 

the assumption that there is no excess mortality among those born with mild neonatal encephalopathy. 

For moderate/severe impairment, moderate-severe prevalence calculated at birth, early neonatal, and late 

neonatal periods were combined with excess mortality estimates derived from the standard mortality ratios (SMR) 

of cerebral palsy and used as inputs into a second DisMod-MR model. SMR was converted to EMR by multiplying 

age-specific mortality by age-specific standardised mortality ratios - 1. For this model, remission and incidence 

were also set to zero. For mild impairment, we assumed no excess mortality and no remission, and as such simply 

applied the birth prevalence of mild impairment to every age group. 

The sum of asymptomatic and mild impairment in the early and late neonatal periods was subtracted from the NE 

envelope estimates (Process 1) in the early and late neonatal periods in order to estimate moderate-severe 

impairment. This reflects the assumption that all deaths in the early and late neonatal period were among those 

with moderate-severe impairment, and all newborns born with asymptomatic or mild NE did not experience 

excess mortality.  

Process 4: Splitting mild and moderate-severe impairment prevalence into sequelae   

Mild impairment and moderate-severe impairment due to NE are split into the following sequelae. To determine 

the proportion of people within each of these severity levels, one study informed moderate-to-severe impairment 

splits, and mild impairments cases were divided equally into both categories.1 

Health State Mild Moderate Severe  

Motor only X X X 

Motor + Cognitive  X   

Motor + Epilepsy  X X 

Motor + Blindness  X X 

Motor + Blindness + 

Epilepsy 

 X X 

Motor + Blindness + 

Cognitive 

 X X 

Motor + Epilepsy + 

Cognitive 

 X X 

Motor + Blindness + 

Epilepsy + Cognitive 

 X X 

 **For disability weights and combined disability weights, please refer to the disability weights table in the 

appendix. 

 

                                                           
1 Badawi et al Developmental Medicine & Child Neurology, 2005, 47:293-8 
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Neonatal sepsis and other neonatal infections  

 

Flowchart 

 

 

 

Input data and methodological summary 

Case definition 

Neonatal sepsis and other neonatal infections are infections during the neonatal period that advance to a systemic 

bloodstream infection, the underlying cause of which can be meningitis, gastroenteritis, or other aetiologies. 

Neonatal pneumonia, however, is not included に it is captured in our modelling of pneumonia as a separate entity.  

Modelling Strategy 

Modelling for NS is in four parts: 

Process 1: Estimation of NS prevalence envelope at early neonatal, late neonatal, and 28 days  

Process 2: Estimation of asymptomatic, mild, and moderate-severe impairment proportions at 28 days 

Process 3: Splitting NS prevalence envelope into asymptomatic, mild, and moderate-severe prevalence across all 

ages 

Process 4: Splitting mild and moderate-severe impairment prevalence into sequelae   

Process 1: Estimation of NS prevalence envelope at birth, neonatal, and 28 days 

DisMod-MR is used to estimate an envelope of neonatal sepsis prevalence at birth, early neonatal, and late 

neonatal periods for all locations, years, and sexes estimated in GBD. Two types of input data inform the DisMod 

model: incidence data and case fatality ratio (CFR) data.  

Input data: incidence 

Prevalence data were sourced from literature and clinical informatics data. All prevalence data were then 

converted to incidence data before input into the model. 
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Clinical informatics prevalence data  

Clinical informatics data (hospital and claims) formed the bulk of the input data for the NS envelope model. Only 

inpatient data were included from these datasets, because we believed they would be more representative of the 

true prevalence of neonatal sepsis than outpatient data: infants with neonatal sepsis in the countries from which 

hospital data were available are almost sure to be admitted to the hospital, whereas outpatient data are more 

likely to capture repeated visits by the same child as they grow. Hospital data were adjusted to account for 

multiple admissions before transformation into incidence and upload into the DisMod model. 

Literature prevalence data 

A systematic review was completed for GBD 2010, and for GBD 2013 and GBD 2015, a review was conducted on 

literature published since the previous edition. The PubMed database was searched using the following search 

string: (("infant"[Title/Abstract] OR "newborn"[Title/Abstract] OR "newborn infant"[Title/Abstract]) AND 

("neonatal sepsis"[All Fields] OR "neonatal septicaemia"[All Fields] OR "neonatal meningitis"[All Fields] OR "early 

sepsis"[All Fields] OR "early septicaemia"[All Fields] OR "tetanus"[All Fields] OR "meningitis"[All Fields] OR 

"sepsis"[All Fields])) AND ("2012"[PDAT] : "3000"[PDAT]) AND "humans"[MeSH Terms] 

The exclusion criteria were:  

1. Studies that did not provide primary data on epidemiological parameters, eg, a commentary piece 

2. Non-representative studies (eg, only high-risk pregnancies) 

3. Reviews 

No additional literature searches were done for GBD 2016 and 2017. 

Input data: case fatality ratio  

Prior to input into DisMod, CFR data are transformed into excess mortality rate (EMR) using the formula 継警迎 噺 伐 狸樽岫怠貸寵庁眺岻匂尼熱濡 任肉 任弐濡賑認寧尼禰日任韮 妊賑認日任匂典展天 , which is analogous to the transformation of cumulative incidence to incidence rate. The 

denominator in this equation is the number of days in the observation period for the data point に for example, 

data that followed newborns with neonatal sepsis for one year would have a denominator of 1.   

Table 1 shows the number of site-years of data by type included in GBD 2017, as well as the number of countries, 

GBD regions, and GBD super-regions represented. 

Table 1. Geographic representation for NS envelope model 

 

Case 

fatality 

rate 

Prevalence 

Site-years (total) 18 1,305 

Number of countries with data 15 37 

Number of GBD regions with data (out of 21 regions) 10 14 

Number of GBD super-regions with data (out of 7 super-regions) 6 5 

 

Modelling Steps 

A DisMod model estimated prevalence in early, late, and post-neonatal age groups. Unlike other neonatal cause 

models using similar modelling strategies (preterm birth and encephalopathy), no birth prevalence is estimated for 

NS. Remission was set to 26, as a cause of neonatal sepsis is assumed to last two weeks. Incidence is set to 0 after 

27 days, as by definition, neonatal sepsis must occur within the neonatal period (0-27 days). Two country-level 
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covariates informed prevalence estimated: SEV unsafe water and SEV unsafe sanitation. Excess mortality was 

informed by the country-level covariate lag-distributed income. A study-level covariate was set on all claims and 

literature data.  

After estimating early, late, and post-neonatal age groups, prevalence at 28 days was estimated by linearly 

interpolating early late and post-neonatal prevalence. Prevalence at 28 days is not an age group that is reported in 

GBD, but it is required for modelling since the proportional severity splits from literature, which determine 

asymptomatic, mild, and moderate-severe prevalence, are based on prevalence at 28 days. The post-neonatal age 

group estimated in this model is dropped and not used in further modelling steps; only the early neonatal, late 

neonatal, and 28-day prevalence estimates are retained for the envelope. 

 

Process 2: Estimation of asymptomatic, mild, and moderate-severe impairment proportions at 28 days 

Using mild impairment proportion and moderate-to-severe impairment proportion data, we ran meta-analysis to 

generate country-year-sex-specific estimates of both parameters. The remainder of 1 に (mild proportion + 

moderate-severe proportion) was assigned to asymptomatic proportion. 

Mild Impairment Proportion: 10.2% (7.2% に 12.9%) 

Figure 1: Mild impairment regression, based on three studies 

 

Moderate-severe impairment proportion: 4.3% (2.5% に 6.0%)  

Figure 2: Mild impairment regression, based on two studies 
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Process 3: Splitting NS prevalence envelope into asymptomatic, mild, and moderate-severe prevalence 

across all ages 

Asymptomatic, mild, and moderate-severe impairment proportions at 28 days were applied to prevalence at 28 

days. Asymptomatic prevalence was assumed to be the same at early neonatal, late neonatal, and post-neonatal 

periods as at 28 days. Asymptomatic prevalence was set to 0 after the post-neonatal period, as no burden is 

assumed after 1 year. Mild prevalence was assumed to be the same at all GBD age groups as at 28 days, reflecting 

the assumption that there is no excess mortality among those born with mild neonatal sepsis. 

For moderate/severe impairment, moderate-severe prevalence calculated at birth and in the early neonatal and 

late neonatal periods were combined with excess mortality estimates derived from the standard mortality ratios 

(SMR) of cerebral palsy and used as inputs into a second DisMod-MR model. SMR was converted to EMR by 

multiplying age-specific mortality by age-specific standardised mortality ratios - 1. For this model, remission and 

incidence were also set to zero. For mild impairment, we assumed no excess mortality and no remission, and as 

such simply applied the birth prevalence of mild impairment to every age group. 

The sum of asymptomatic and mild impairment in the early and late neonatal periods were subtracted from the NS 

envelope estimates (Process 1) in the early and late neonatal periods, respectively, in order to estimate moderate-

severe impairment. This reflects the assumption that all deaths in the early and late neonatal period were among 

those with moderate-severe impairment, and all newborns born with asymptomatic or mild NS did not experience 

excess mortality.  

Process 4: Splitting mild and moderate-severe impairment prevalence into sequelae   

Mild impairment and moderate-severe impairment due to NS are split into the following sequelae. To determine 

the proportion of people within each of these severity levels, one study informed moderate-to-severe impairment 

splits, and mild impairments cases were divided equally into both categories.1 

Table 1: Health states by severity 

Health State Mild Moderate Severe  

Motor only X X X 

Motor + Cognitive  X   

Motor + Epilepsy  X X 

Motor + Blindness  X X 

Motor + Blindness + Epilepsy  X X 

Motor + Blindness + Cognitive  X X 

Motor + Epilepsy + Cognitive  X X 

Motor + Blindness + Epilepsy + 

Cognitive 

 X X 

 **For disability weights and combined disability weights, please refer to the disability weights table in the 

appendix. 

 

                                                           
1 Badawi et al Developmental Medicine & Child Neurology, 2005, 47:293-8 

 

289



Haemolytic disease and other neonatal jaundice  
 

Flowchart 

 

Neonatal hemolytic disease and other neonatal jaundice 

Input data
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Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Scientific literature
Mixed effects 

regression

Proportion of Rh 

negativity by 

location/year 

(rh_negative_prop)

Calculate: 

rh_negative_prop*(1-

rh_negative_prop)

Proportion of 

infants with Rh 

incompatibility  

Rhogam doses 

adjustment

Count of births with 

Rh incompatibility who 

did not receive 

Rhogam by location/

year

Not first-born 

adjustment

Count of births who 

are at risk of Rh 

disease by location/

year

EHB adjustment

Prevalence of 

kernicterus during 

0-6 days by loc/

year/sex

Prevalence by 

location/year/

age/sex for 

hemolytic disease

Dismod-MR 2.1

Comorbidity 

correction 

(COMO)

Severity splits

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Scientific literature

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Convert standardized 

mortality ratio data to 

excess mortality ratio for 

all age/sex/location/year

Scientific Literature

Demographics 

Database

Motor 

Impairment

Vision 

Impairment

Prevalence of EHB 

during 0-6 days by 

loc/year/sex

Kernicterus 

adjustment

G6PD deficiency 

birth prevalence 

from GBD 

estimates

EHB adjustment

Prevalence of 

kernicterus during 

0-6 days by loc/

year/sex

Prevalence of EHB 

during 0-6 days by 

loc/year/sex

Kernicterus 

adjustment

Preterm birth 

prevalence from 

GBD estimates

EHB adjustment

Prevalence of 

kernicterus during 

0-6 days by loc/

year/sex

Prevalence of EHB 

during 0-6 days by 

loc/year/sex

Kernicterus 

adjustment

Calculate proportion of all 

other births: 1-

(prop_Rh_disease + 

prop_G6PD + 

prop_preterm)

Prevalence of さall 

otherざ births
EHB adjustment

Prevalence of 

kernicterus during 

0-6 days by loc/

year/sex

Prevalence of EHB 

during 0-6 days by 

loc/year/sex

Kernicterus 

adjustment

Nonfatal 

database

Sum kernicterus 

prevalnce

Sum EHB 

prevalence

Total prevalence of 

kernicterus in 0-6 

days by loc/yr/sex

Total incidence and 

prevalence of EHB 

in 0-6 days by loc/

yr/sex

Subtract 

kernicterus from 

EHB

EHB without 

kernicterus

 

 

Case definition 

Haemolytic disease of the newborn and other neonatal jaundice refers to several aetiologies by which an 

infant develops extreme hyperbilirubinemia (EHB) and can then go on to develop kernicterus. The 

aetiologies that we model for GBD are EHB from Rhesus (Rh) disease, preterm birth, glucose-6-phosphate 

dehydrogenase deficiency (G6PD), and other causes.   

Input data 

 Model inputs 

A systematic review was completed for GBD 2010, and for GBD 2013 and GBD 2015, a review was 

conducted on literature published since the previous edition. The PubMed database was searched using 

the following search string: (("infant"[Title/Abstract] OR "newborn"[Title/Abstract] OR "newborn 

infant"[Title/Abstract]) AND ("haemolytic"[All Fields] OR "hyperbilirubinemia"[All Fields] OR "jaundice"[All 

Fields] OR "glucose-6-phosphate dehydrogenase deficiency"[All Fields] OR "G6PD deficiency"[All Fields] 

OR "hyperbilirubinemia"[All Fields] OR "EHB"[All Fields] OR "phototherapy"[All Fields] OR "ABO 

incompatibility"[All Fields] OR "RH incompatibility"[All Fields] OR "rh blood group system"[All Fields] OR 

"Rhesus"[All Fields] OR "Rhesus disease"[All Fields] OR "erythroblastosis fetalis"[All Fields] OR 

"kernicterus"[All Fields])) AND ("2012"[PDAT] : "3000"[PDAT]) Sort by: PublicationDate 
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The exclusion criteria were:  

1. Studies that did not provide primary data on epidemiological parameters, eg, a commentary 

piece 

2. Non-representative studies (eg, only high-risk pregnancies) 

3. Reviews 

For haemolytic disease, much of the input data comes from other GBD models, which are described in 

detail in the さmodelling strategyざ section. However, the modelling process for EHB from Rh disease 

involves literature data for several parameters, the breadth of which are described in the tables below:  

Table 1a. Rh negativity 

 Prevalence 

Site-years (total) 53 

Number of countries with data 45 

Number of GBD regions with data 

(out of 21 regions) 13 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 

 

Table 1b. Rhogam (Rh0 immune globulin) doses distributed to countries in 2010 

 Proportion 

Site-years (total) 138 

Number of countries with data 138 

Number of GBD regions with data 

(out of 21 regions) 19 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 

 

Table 1c Children who are not first-born 

 Proportion 

Site-years (total) 1033 

Number of countries with data 81 

Number of GBD regions with data 

(out of 21 regions) 14 

Number of GBD super-regions with 

data (out of 7 super-regions) 6 

 

**Please note that US claims data and hospital data were not included in the haemolytic disease 

modelling process because they are not coded separately by aetiology. They could not be slotted into the 

existing modelling framework.  
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Modelling strategy 

For each of the four aetiologies (Rh disease, G6PD deficiency, preterm birth, and other causes) we 

estimated the prevalence of extreme hyperbilirubinemia (EHB or bilirubin>25 or exchange transfusion). 

Then, we multiplied this prevalence by an estimated proportion of EHB cases who go on to develop 

kernicterus. We used development of kernicterus as our criterion for incidence of long-term 

moderate/severe impairment.  

In GBD 2016, all impairment due to haemolytic disease and other neonatal jaundice was captured in 

kernicterus. In GBD 2017, disability due to EHB without kernicterus was added.  

Rh Disease 

We began with data on the prevalence of Rh negativity in the population (Table 1a), the number of 

Rhogam (Rh0 immune globulin) doses distributed to countries in 2010 (Table 1b), and the proportion of 

children who are not firstborn (Table 1c). Mixed effect regressions were run on Rh negativity and birth 

order greater than one to generate estimates of these values for every country-year. We made the 

assumptions that the proportion of Rhogam doses to Rh-incompatible children stayed constant over time, 

and that countries with NMR<5 had complete Rhogam coverage. This yields the following equation for 

the prevalence of EHB in countries with NMR>5: 

EHB Prevalence = Rh negative prevalence * (1 に Rh negative prevalence) * (2010 Rhogam doses / 2010 Rh 

incompatible babies) * (not-firstborn prevalence) * 0.15 

The 0.15 multiplier represents results of previous calculations showing the proportion of women 

developing Rh isoimmunisation with a risk for anti-Rh antibodies complicating subsequent pregnancies.  

Finally, to generate estimates of kernicterus prevalence, we multiplied the prevalence of EHB by 0.0072 

(0.0038, 0.112) に the proportion of children with EHB who develop kernicterus.1,2,3  

G6PD, preterm, and other 

The other three pathways of kernicterus modelling simply involve multiplication by scalars. For each of 

these, given a complete set of prevalence estimates from other GBD models, we multiplied by a scalar 

representing the proportion of children who are expected to develop EHB (see the table below for the 

values of these scalars). We then adjusted that estimate upward by a factor of 2.45 (1.44, 4.16) for 

countries in which the NMR is greater than 15, a value utilised in previous publications to reflect 

heightened risk in those countries where access to phototherapy for prevention of EHB is not standard.4,5 

                                                           
1 Walker WC. Haemolytic Disease of the Newborn. In: Gairdner D, Hull D, eds. Recent Advances in Paediatrics, 4th ed. London, United Kingdom: 

Churchill, 1971. 
2 Vaughan VC. Kernicterus in erythroblastosis fetalis. J Pediatr. 1946. 
3 Mollison PL, Cutbush M. Exchange transfusion in haemolytic disease of the newborn. Lancet. 1948; 252(6527): 522-7. 
4 Mah MP, Clark SL, Akhigbe E, Englebright J, Frye DK, Meyers JA, Perlin JB, Rodriguez M, Shepard A. Reduction of severe hyperbilirubinemia after 

institution of predischarge bilirubin screening. Pediatrics. 2010; 125(5): e1143-8. 
5 Brown AK, Kim MH, Wu PY, Bryla DA. Efficacy of phototherapy in prevention and management of neonatal hyperbilirubinemia. Pediatrics. 1985; 

75(2 Pt 2): 393-400. 
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Finally, these EHB prevalence values were multiplied by a set of NMR-dependent scalars representing the 

proportion of EHB cases that go on to develop kernicterus. See table below, for those values. 

Table 2. EHB proportion and CIs 

Cause Source of birth 

prevalence estimates 

EHB proportion 95% CI 

G6PD Congenital DisMod 

model, GBD 2017. 

0.0013 (0.00085, 0.002) 

Preterm birth 

complications 

Custom modelling for 

preterm conditions, 

discussed elsewhere in 

this document 

(summed over all 

gestational ages). 

0.00045 (0.00029, 0.0007) 

Other Global births に (Rh 

disease birth 

prevalence + preterm 

complications birth 

prevalence + G6PD 

birth prevalence) 

0.00038 (0.00033, 0.00163) 

Table 3: NMR-dependent kernicterus proportions applied to G6PD, preterm, and other EHB estimates. 

NMR Kernicterus proportion 95% CI 

<5 0.23 (0.099, 0.361) 

5-15 0.35 (0.12, 0.58) 

>=15 0.438 (0.255, 0.621) 

Final kernicterus prevalence 

We estimated preterm kernicterus in order to arrive at a proper value for the number of さotherざ children 

at risk of kernicterus, but we do not actually include our preterm estimates in our measures of 

kernicterus since we assume that its disability is captured in our preterm models. Thus, we generate our 

final birth prevalence of kernicterus by: 

Kernicterus birth prevalence = (kernicterus prevalence from Rh disease) + (kernicterus prevalence from 

G6PD) + (kernicterus prevalence from other disorders). 

These estimates, along with estimates of excess mortality associated with kernicterus, are then used as 

inputs into DisMod to generate estimates of moderate to severe impairment starting at age 7 days. 

Prevalence of moderate-to-severe impairment was then split into health states. One study informed the 

moderate-to-severe impairment splits.6 Disability due to extreme hyperbilirubinemia due to haemolytic 

disease and other neonatal jaundice was added as a sequela in GBD 2017 to capture disability due to EHB 

                                                           
6 Badawi et al. Developmental Medicine & Child Neurology, 2005, 47:293-8 
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without kernicterus in the neonatal period. This was calculated by subtracting kernicterus prevalence 

from total EHB prevalence in the neonatal period. The basis of the GBD disability weight (DW) survey 

assessments are lay descriptions of sequelae highlighting major functional consequences and symptoms.  

Table 4: Health states by severity  

Health State Moderate Severe  

Motor only X X 

Motor + Cognitive    

Motor + Epilepsy X X 

Motor + Blindness X X 

Motor + Blindness + Epilepsy X X 

Motor + Blindness + Cognitive X X 

Motor + Epilepsy + Cognitive X X 

Motor + Blindness + Epilepsy + 

Cognitive 

X X 

Extreme hyperbilirubinemia due 

to hemolytic disease and other 

neonatal jaundice, without 

kernicterus 

- - 

 **For disability weights and combined disability weights, please refer to the disability weights table in the appendix. 
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Other neonatal disorders 
In addition to the neonatal disorders described above, there are many diverse types of neonatal disorders 

with a range of severities and associated sequelae. Because these other neonatal disorders are diverse in 

their underlying causes and risk factors as well as in their associated health outcomes, modelling them 

together in a DisMod-MR model would not produce reliable estimates of prevalence or excess mortality. 

Instead, we calculated the YLDs caused by other neonatal disorders directly using a YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified neonatal disorders for which non-fatal 

outcomes were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. We then 

multiplied this YLD/YLL ratio by the YLL estimates for other chronic respiratory diseases from the GBD 

2017 CoD analysis, providing us with an estimate of the YLDs associated with other neonatal disorders.  
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Protein-energy malnutrition 

 

Flowchart 

 

 

Input data and methodological summary 

Case Definition 

For protein-energy malnutrition (PEM), ICD 10 codes are E40-E46.9, E64.0, and ICD 9 codes are 260-

263.9. Our assessment of non-fatal PEM includes the quantification of non-fatal health loss associated 

┘ｷデｴ ﾏﾗSWヴ;デW ;ﾐS ゲW┗WヴW ;I┌デW ﾏ;ﾉﾐ┌デヴｷデｷﾗﾐが Iﾗﾏﾏﾗﾐﾉ┞ ヴWaWヴヴWS デﾗ ;ゲ さ┘;ゲデｷﾐｪがざ ;ﾐS ┘;ゲ SWaｷﾐWS ｷﾐ 
terms of weight-for-height Z-scores (WHZ) on the WHO 2006 growth standard for children. We quantified 

non-fatal PEM burden in four mutually exclusive and collectively exhaustive categories, reflecting distinct 

gradations of disability that can occur: moderate wasting without oedema (WHZ < -2SD to < -3 SD), 

moderate wasting with oedema (WHZ < -2SD to < -3 SD), severe wasting without oedema (WHZ < -3SD), 

and severe wasting with oedema (WHZ < -3SD). TｴW ;ｪｪヴWｪ;デW ﾗa I;デWｪﾗヴｷWゲ デｴ;デ ｷﾐIﾉ┌SW さoedemaざ I;ﾐ HW 
IﾗﾐゲｷSWヴWS Wケ┌ｷ┗;ﾉWﾐデ デﾗ デｴW SｷゲW;ゲW ゲデ;デW Iﾗﾏﾏﾗﾐﾉ┞ ヴWaWヴヴWS デﾗ ;ゲ さﾆ┘;ゲｴｷﾗヴﾆﾗヴざ ;ﾐS ゲW┗WヴW ┘;ゲデｷﾐｪ 
I;ﾐ ﾉｷﾆW┘ｷゲW HW IﾗﾐゲｷSWヴWS Wケ┌ｷ┗;ﾉWﾐデ デﾗ さﾏ;ヴ;ゲﾏ┌ゲくざ  
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This classification reflects a moderate shift from GBD 2015, when moderate wasting without oedema was 

not included in our non-fatal estimates, and by definition is associated with higher prevalence estimates 

than previously published by GBD. The other GBD 2015 categories に kwashiorkor, marasmus, and severe 

wasting に have unchanged case definitions, but have been renamed for clarity and consistency. This 

revised GBD 2016 case definition more closely aligns with other and allows for better application to the 

ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉ ﾐ┌デヴｷデｷﾗﾐ Iﾗﾏﾏ┌ﾐｷデ┞げゲ ヮヴﾗｪヴ;ﾏﾏｷﾐg and estimates related to non-fatal PEM. This change 

has been continued in GBD 2017.  

Input data  

The input data for this model come in three primary streams. First, we used individual-level and tabulated 

child anthropometry data from health surveys, literature, and national reports, and centralised them to 

inform the prevalence of WHZ decrement in each category corresponding to our case definitions. Second, 

to inform the proportion of children under 5 years who have signs of organ failure manifested as oedema 

(ie, kwashiorkor), we used a compiled dataset of surveys conducted using Standardized Monitoring and 

Assessment of Relief and Transitions (SMART) methods. Third, we used the cause-specific mortality rate 

(CSMR) results of our causes-of-death GBD analyses to inform spatiotemporal and age patterns in PEM 

mortality, which helped also inform patterns of PEM morbidity. These data sources and modelling process 

are described in other GBD publications on cause-specific mortality. All data were extracted with the 

most detailed standard demographic identifiers available, including age, sex, country, year, and 

subnational location if available.  

Table 1a: Dataset contents for total wasting (moderate + severe, with and without oedema) 
 

Prevalence 

Site-years (total) 2960 

Number of countries with data 157 

Number of GBD regions with data (out of 21 regions) 21 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Table 1b: Covariate effects for total wasting (moderate + severe, with and without oedema) 

Measure Covariate 
Covariate 

type 
Beta Value Exponentiated 

Prevalence Sex 
Study-level 

(x-cov) 
0.062 (0.052に0.072) 1.06 (1.05に1.07) 

Prevalence Sanitation (prop access) Country-level -0.059 (-0.066 to -0.051) 0.94 (0.94に0.95) 

Prevalence 
Socio-demographic 

Index 
Country-level -0.087 (-0.2 to -0.0026) 0.92 (0.82に1.00) 

Prevalence 
Malnutrition Shock log-

trans mort rt 
Country-level 0.00048 (0.000015に0.0015) 1.00 (1.00に1.00) 

Excess 

mortality rate 
Sex 

Study-level 

(x-cov) 
-0.3 (-0.34 to -0.27) 0.74 (0.71に0.77) 

Excess 

mortality rate 

Healthcare Access and 

Quality index 
Country-level -0.049 (-0.052 to -0.045) 0.95 (0.95に0.96) 

Cause-specific 

mortality rate 
Sex 

Study-level 

(x-cov) 
0.18 (0.17に0.19) 1.20 (1.18に1.21) 
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Table 2a: Dataset contents for proportion of oedema among total wasting  
 

Proportion 

Site-years (total) 240 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 12 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Table 2b: Covariate effects for proportion of oedema among total wasting 

Measure Covariate Covariate type Beta value Exponentiated 

Proportion Sex Study-level (x-cov) 
0.064 (-0.02 to 

0.098) 
1.07 (0.98に1.10) 

Proportion energy unadjusted(kcal) Country-level -1 (-1 to -1) 0.37 (0.37に0.37) 

Proportion 
Malnutrition shock log-

transformed mortality rate 
Country-level 0.53 (0.49に0.57) 1.70 (1.63に1.76) 

 

Table 3a: Dataset contents for proportion of oedema among severe wasting  
 

Proportion 

Site-years (total) 240 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 12 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Table 3b: Covariate effects for proportion of oedema among severe wasting  

Measure Covariate Covariate type Beta Value Exponentiated 

Proportion Sex Study-level (x-cov) 2.00 (1.99に2.00) 7.36 (7.29に7.39) 

Proportion energy unadjusted(kcal) Country-level -1 (-1 to -1) 0.37 (0.37に0.37) 

Proportion 
Malnutrition shock log-

transformed mortality rate 
Country-level 0.99 (0.97に1.00) 2.70 (2.64に2.72) 

 

Modelling Strategy 

We used five parallel models to inform our estimates, the first two of which were completed in ST-GPR 

and the second three of which were completed in DisMod-MR 2.1: 1) Prevalence of WHZ <-2 in children 

under 5 years, 2) Prevalence of WHZ <-3 in children under 5 years, 3) Proportion of those with WHZ <-2 

who have oedema in under 5 years, 4) Proportion of those with WHZ <-3 who have oedema in under 5 

years, and 5) Prevalence, incidence, and excess mortality of WHZ <-2 in all ages. As a final step, we 

subtracted a number of cases of PEM where the underlying aetiology is severe worm infestation. 

The results of the first four models were used for children under 5 years. Arithmetic transformations were 

performed to ensure that the final results fit into the mutually exclusive, collectively exhaustive 

categories described in the first section above. We assumed zero prevalence of oedema in people over 5 
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years old. The results of the final model were used for all age groups 5 years and older and the proportion 

of moderate versus severe wasting in each of those age groups was derived from the first set of models.  

Using available information from scientific publications, which suggest the mean duration of illness is nine 

months, and conversations with collaborators and nutrition experts, we applied what we consider a 

plausible set of remission rate bounds of 0.25に1.25 (# of remitted cases of PEM per person-year of illness) 

to the final of the five models. These bounds allowed DisMod-MR 2.1 to mathematically derive an 

internally consistent solution for incidence, prevalence, remission, excess mortality, and cause-specific 

mortality using all available data. This could only be done for the aggregate PEM definition (prevalence of 

WHZ <-2) to ensure that the case definition for prevalence matched that of the mortality results. The 

incidence-to-prevalence ratio derived from the final model was applied equally across all the categories 

of non-fatal PEM. Future work in systematically evaluating longitudinal datasets on nutrition and growth 

failure will allow us to improve the empirical basis for PEM incidence estimates, including improved 

resolution for the component categories.   

We applied disability weights from the GBD disability weight survey to the prevalence of the above 

sequelae according to their corresponding health state and severity level. The sequelae, along with their 

lay descriptions and disability weights for health states derived from the GBD disability weights study, are 

shown below. We assumed that those with moderate wasting, but no oedema, did not have any direct 

disability due to this condition. 

Table 4 Sequelae, severity, lay description, and DWs 

Sequela Health state name Lay description DW (95% CI) 

Moderate wasting 

without dema 
Asymptomatic -- -- 

Moderate wasting 

with dema 
Kwashiorkor 

Is very tired and irritable and has 

diarrhoea. 
0.051 (0.031に0.079) 

Severe wasting 

without dema 
Severe wasting Is extremely skinny and has no energy. 0.128 (0.082に0.183) 

Severe wasting 

with dema 

Kwashiorkor + 

severe wasting 

Is very tired and irritable and has 

diarrhoea. 
0.051 (0.031に0.079) 

Is extremely skinny and has no energy. 0.128 (0.082に0.183) 

Because both worms and PEM can cause wasting, we needed to divide out the wasting envelope to 

attribute wasting to both PEM and worms. We determined the amount of wasting attributable to worms 

by referencing Hall and colleagues 20081 to determine the mean and confidence interval estimates of the 

z-score shift. We then calculated the counterfactual wasting prevalence given no worms, according to the 

z-score shift. From this, we calculated the fraction of wasting that is attributable to worms and assigned 

the remainder of wasting to PEM. We assumed no oedema due to worms and the same prevalence-to-

incidence ratio as in each of the other models.  

Following the assignment of disability weights to the various sequelae, the resulting years lived with 

disability (YLDs) go through the comorbidity simulator, which accounts for any comorbidity and corrects 

                                                           
1 H;ﾉﾉ Aが HW┘ｷデデ Gが T┌aaヴW┞ Vが SW “ｷﾉ┗; Nく A ヴW┗ｷW┘ ;ﾐS ﾏWデ;ど;ﾐ;ﾉ┞ゲｷゲ ﾗa デｴW ｷﾏヮ;Iデ ﾗa ｷﾐデWゲデｷﾐ;ﾉ ┘ﾗヴﾏゲ ﾗﾐ IｴｷﾉS 
growth and nutrition. Maternal and Child Nutrition. 2008. 4. 118-236. 
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accordingly. The final outputs are comorbidity-adjusted YLDs, which are combined with years of life lost 

(YLLs) for final disability-adjusted life-years (DALYs).  
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Iodine deficiency 
 

Flowchart 
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goiter prevalence and >90% 

national household 

consumption of iodized salt

 
Input data and methodological summary 

Case definition 

Our assessment of the non-fatal burden of iodine deficiency includes estimates of only the subset of 

iodine deficiency associated with visible goiter (grade 2) and its associated sequelae, including thyroid 

S┞ゲa┌ﾐIデｷﾗﾐが ｴW;ヴデ a;ｷﾉ┌ヴWが ;ﾐS ｷﾐデWﾉﾉWIデ┌;ﾉ Sｷゲ;Hｷﾉｷデ┞ ふｴｷゲデﾗヴｷI;ﾉﾉ┞ ヴWaWヴヴWS デﾗ ;ゲ さIヴWデｷﾐｷゲﾏざぶく Iデ SﾗWゲ ﾐﾗデ 
include estimates of sub-clinical iodine deficiency or non-visible goiter (grade 1) induced by iodine 

deficiency. Expanding to include all forms of subclinical iodine deficiency is a goal of future iterations of 

GBD analyses. The corresponding ICD-10 codes from the causes of death analysis for iodine deficiency are 

E00-E02. Further details of mortality modelling can be found in the GBD 2017 cause-specific mortality 

publication.  

Input data 

For GBD 2017, data from the WHO Vitamin and Mineral Nutrition Information System and published 

studies were used. This extraction and an accompanying systematic review were last conducted for GBD 

2013. The PubMed search terms were: ((iodine deficiency[Title/Abstract] AND prevalence[Title/Abstract]) 

AND ふさヲヰヰΓざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱンざぷD;デW に Publication])) 

The exclusion criteria were: 

1. Studies that were not population-based, eg, hospital or clinic-based studies 

2. Studies that did not provide primary data on epidemiological parameters, eg, commentaries  

3. Review articles 

4. Case series 
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5. Self-reported cases 

Updates to systematic reviews are performed on an ongoing schedule across all GBD causes; an update 

for iodine deficiency will be performed in the next one to two iterations. The table below shows the 

number of literature studies included in GBD 2016, as well as the number of countries or subnational 

units and GBD world regions represented. 

 

Table 1. Dataset contents for goiter due to iodine deficiency 
 

Prevalence 

Site-years (total) 294 

Number of countries with data 75 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Table 2 Dataset contents for intellectual disability due to iodine deficiency 
 

Other (RR or SMR) 

Site-years (total) 6 

Number of countries with data 5 

Number of GBD regions with data (out of 21 regions) 4 

Number of GBD super-regions with data (out of 7 super-regions) 2 

 

Modelling strategy 

For GBD 2017, we modelled the prevalence of grade 2 goiter in DisMod-MR 2.1. We chose to model 

grade 2 goiter over grade 1 goiter because of the greater reliability and consistency of the clinical 

diagnosis of grade 2 goiter worldwide. We used a study-level covariate to indicate national and 

subnational observations, where nationally representative studies were set as the reference category. We 

used household iodised salt consumption proportion as a country-level covariate. 

We estimated the prevalence of intellectual disability due to iodine deficiency (cretinism) by regressing 

data points from studies reporting both cretinism and goiter prevalence in the same population. To do so, 

we first transformed cretinism prevalence and goiter prevalence into logit space, regressed the logit 

prevalence of cretinism on the logit prevalence of goiter, and predicted for all locations using the goiter 

estimates from the DisMod-MR 2.1 model above. We dropped locations with total goiter prevalence less 

than 20% and locations with household iodised salt consumption greater than 90%. We kept observations 

in children younger than 5 years and use these data as incidence input in a second DisMod-MR 2.1 to 

generate location-year-age-sex-specific estimates. This was combined with relative risk (RR) and 

standardised mortality ratio (SMR) data identified in the literature review described above. We assumed 

zero remission as once intellectual disability develops as a result of iodine deficiency, the disease is a 

lifelong condition, and zero incidence after age 5. We repeated the dropout criteria of total goiter 

prevalence and iodised salt consumption on the DisMod-MR 2.1 output. The severity split for intellectual 

disability due to iodine deficiency is presented separately in the section for intellectual disability. 

Heart failure attributable to iodine deficiency was modelled separately, and the methods for this 

outcome are presented separately in the section for heart failure and its aetiologies. 
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Betas and exponentiated values (which can be interpreted as an odds ratio) for the grade 2 goiter 

DisMod-MR 2.1 model are shown in the table below. 

Table 3. Beta and exponentiated beta values for goiter due to iodine deficiency 

Covariate Parameter beta Exponentiated beta 

Proportions of households using iodised salts Prevalence 1.03 (-0.81 to 1.95) 2.80 (0.44に7.00) 

Subnational Prevalence 0.043 (0.0037に0.16) 1.04 (1.00に1.17) 

Sex Prevalence -0.56 (-0.77 to -0.36) 0.57 (0.46に0.70) 

Health system access 2 (unitless) Prevalence -0.43 (-0.51 to -0.25) 0.65 (0.60に0.78) 

 

Table 4. Beta and exponentiated beta values for intellectual disability due to iodine deficiency 

Covariate Parameter beta Exponentiated beta 

Proportions of households using iodized salts Incidence -0.6 (-0.72 to -0.46) 0.55 (0.49に0.63) 

Sex Incidence -0.42 (-0.45 to -0.4) 0.66 (0.64に0.67) 

Sex Relative risk 0.10 (-0.6 to 0.91) 1.11 (0.55に2.48) 

 

Severity splits & disability weights 

Our approach to apportioning cases of grade 2 goiter was modified in GBD 2016 to improve internal 

consistency of YLD estimates. The primary change was that in GBD 2015, the types of symptoms (heart 

failure, thyroid dysfunction, intellectual disability) were considered to be mutually exclusive, but 

recognising they are not, we constructed independent joint probabilities for each. Initial severity 

proportions have not changed since GBD 2010: visible goiter without symptoms of thyroid dysfunction 

(proportion=0.915, 95% confidence interval (CI): 0.904に0.926); goiter with symptoms of thyroid 

dysfunction (proportion=0.085, 95% confidence interval (CI): 0.084に0.086). The regression results for 

intellectual disability (ID) were applied to the total estimates of iodine deficiency. All of those with ID 

were assumed to have symptoms of thyroid dysfunction. Heart failure due to iodine deficiency, which was 

estimated separately, was assumed to only occur in the subset of persons with profound ID. These 

changes continued into GBD 2017.  

The lay descriptions and disability weights for severity levels derived from the GBD disability weights 

study are shown below. 

Table 5. Severity, health state, lay description, and DWs for sequelae specific to iodine deficiency 

Sequela Health state name Lay description Disability weight 

Visible goiter without 

symptoms 
 Disfigurement, level 1 

has a slight, visible physical deformity that others 

notice, which causes some worry and discomfort. 

0.011 

(0.005に0.021) 

Visible goiter with 

symptoms without 

intellectual disability or 

heart failure 

Iodine-deficiency goiter 

has a large mass in the front of the neck. The person 

sometimes has weakness and fatigue, constipation and 

weight gain. 

0.199 

(0.133に0.276) 

Visible goiter with 

severe intellectual 

disability due to iodine 

deficiency 

Intellectual disability / 

mental retardation, severe 

has very low intelligence and cannot speak more than 

a few words, needs constant supervision and help with 

most daily activities, and can do only the simplest 

tasks. 

0.326 

(0.233に0.438)* 
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Iodine-deficiency goiter (see above) 

Visible goiter with 

profound intellectual 

disability due to iodine 

deficiency 

Intellectual disability / 

mental retardation, 

profound 

has very low intelligence, has almost no language, and 

does not understand even the most basic requests or 

instructions. The person requires constant supervision 

and help for all activities. 
0.358 

(0.252に0.475)* 

Iodine-deficiency goiter (see above) 

Visible goiter with 

profound intellectual 

disability and mild heart 

failure due to iodine 

deficiency 

Intellectual disability / 

mental retardation, 

profound 

(see above)  

0.384 

(0.276に0.502)* 

Iodine-deficiency goiter (see above) 

Heart failure, mild 

is short of breath and easily tires with moderate 

physical activity, such as walking uphill or more than a 

quarter-mile on level ground. The person feels 

comfortable at rest or during activities requiring less 

effort. 

Visible goiter with 

profound intellectual 

disability and moderate 

heart failure due to 

iodine deficiency 

Intellectual disability / 

mental retardation, 

profound 

(see above) 

0.403 

(0.293に0.524)* 
Iodine-deficiency goiter (see above) 

Heart failure, moderate 

is short of breath and easily tires with minimal physical 

activity, such as walking only a short distance. The 

person feels comfortable at rest but avoids moderate  

activity. 

Visible goiter with 

profound intellectual 

disability with severe 

heart failure due to 

iodine deficiency 

Intellectual disability / 

mental retardation, 

profound 

(see above) 

0.471 

(0.344に0.602)* Iodine-deficiency goiter (see above) 

Heart failure, severe 

is short of breath and feels tired when at rest. The 

person avoids any physical activity, for fear of 

worsening the breathing problems.  

 

No other significant changes were made to the modelling strategy for GBD 2017. 
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Input data and methodological summary 

Case definition 

For GBD 2017, the case assessment of vitamin A deficiency involves the quantification of total vitamin A 

deficiency (serum retinol < 0.7 µmol/L) as well as blindness and vision loss due to vitamin A deficiency, 

which are associated with corneal ulcerations and corneal scars. ICD 10 codes are E50-E50.9, E64.1, and 

ICD 9 codes are 264-264.9. 

To ensure we were using as much information as possible, and therefore maximise the data basis of our 

estimates, we modelled vitamin A deficiency sequentially. The first step was to estimate the coverage of 

vitamin A supplementation. Although the typical metric on which supplementation is tracked is 2+ doses 

of vitamin A in the previous 12 months for children under 5 years, most existing health surveys do not 

routinely provide sufficient information to calculate it. Our case definition for the supplementation model 

was therefore the proportion of children 6-59 months of age who received at least one dose of vitamin A 

in the previous six months. Supplementation estimates were then used as a location-level covariate to 

guide incidence and prevalence models of overall vitamin A deficiency, which was subsequently used as a 

location-level covariate to guide prevalence estimates of vision loss due to vitamin A deficiency. The 

difference between total vitamin A deficiency and vision loss due to vitamin A deficiency is considered 

asymptomatic. Total vitamin A deficiency is separately considered as a risk factor in the GBD 2016 

comparative risk assessment analysis.  

Input data 

For GBD 2017, we used data from the WHO Vitamin and Mineral Nutrition Information System, health 

surveys such as DHS and MICS, and studies identified through literature review. A systematic review was 

last conducted for GBD 2013. The PubMed search terms were: ((vitamin A deficiency[Title/Abstract] AND 
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ヮヴW┗;ﾉWﾐIWぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさヲヰヰΓざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱンざぷD;デW に Publication])). The table 

below shows the number of data points included in the final datasets. Exclusion criteria were: 

1. Studies that were not population-based, eg, hospital or clinic-based studies 

2. Studies that did not provide primary data on epidemiological parameters, eg, commentaries  

3. Review articles 

4. Case series 

5. Self-reported cases 

Table 1. Geographic representation of datasets used for three stages of Vitamin A deficiency non-fatal 

burden estimation (number of data points per geography) 

Geography 
Supplementation 

(proportion) 

Deficiency 

(prevalence) 

Vision loss 

(relative risk) 

Vision loss 

(prevalence) 

Global 900 1540 1 81 

East Asia 12 27 
  

Southeast Asia 102 212 
 

21 

Oceania 24 54 
  

Central Asia 51 66 
  

Central Europe 2 13 
  

Eastern Europe  3   

Australasia 
 

1 
  

Western Europe  38   

Southern Latin America 
 

16 
  

High-income North America 
 

33 
  

Caribbean 17 34 
 

1 

Andean Latin America 25 70 
  

Central Latin America 33 212 
 

1 

Tropical Latin America 1 52 
 

2 

North Africa and Middle East 49 148 
 

18 

South Asia 61 96 
 

21 

Central s -Saharan Africa 60 8 
 

1 

Eastern s -Saharan Africa 182 220 
 

10 

Southern s -Saharan Africa 49 57 
 

1 

Western s -Saharan Africa 232 180 
 

5 

 

Modelling strategy 

All vitamin A deficiency estimates were made using DisMod-MR 2.1. As described above, we first 

estimated vitamin A supplementation coverage. Although all data were from ages 6-59 months, we 

assumed no difference in age pattern of supplementation coverage and used the natural log of lag-

distributed income per capita (LN-LDI) as a location-level covariate to inform estimates where data were 

absent. DHS and MICS data was crosswalked to the reference data source, which came from UNICEF 

(http://data.worldbank.org/indicator/SN.ITK.VITA.ZS). 
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Table 2a Dataset contents for vitamin supplementation model  
Prevalence 

Site-years (total) 845 

Number of countries with data 94 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Table 2b: Covariate effects for vitamin A supplementation model 

Measure Covariate Type Value Exponentiated 

Prevalence MICS Study-level -0.6 (-0.76 to -0.45) 0.55 (0.47に0.64) 

Prevalence DHS Study-level -0.09 (-0.2 to 0.025) 0.91 (0.82に1.03) 

Prevalence LDI (I$ per capita) Country-level 0.013 (0.00033に0.042) 1.01 (1.00に1.04) 

 

Second, we estimated the age- and sex-specific prevalence of vitamin A deficiency (serum retinol < 0.7 

µmol/L). WHO VMNIS was the primary data source for this model and was supplemented with data from 

DHS and other health surveys where testing was performed. We assumed the following in our model: no 

excess mortality, birth prevalence is possible, and that incidence and remission are both decreasing after 

age 5. Incidence estimates were therefore derived from the changing age pattern of prevalence with 

some allowance for remission. Data from subnational locations were crosswalked to the reference data 

sources of nationally representative data. Location-level covariates were used for vitamin A 

supplementation coverage from the above model as well as Socio-demographic Index (SDI) numbers and 

grams per capita of vegetables available in foods.  

 

Table Dataset contents for vitamin A deficiency model  
Prevalence 

Site-years (total) 295 

Number of countries with data 96 

Number of GBD regions with data (out of 21 regions) 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Table 3b: Covariate effects for vitamin A deficiency model 

Measure Covariate Type Value Exponentiated 

Prevalence Sex Study-level -0.0091 (-0.088 to 0.065) 0.99 (0.92に1.07) 

Prevalence Subnational Study-level -0.28 (-0.44 to -0.1) 0.76 (0.64に0.90) 

Prevalence Vit A suppl. coverage Country-level -0.028 (-0.1 to -0.00071) 0.97 (0.90に1.00) 

Prevalence SDI Country-level -2.98 (-3 to -2.92) 0.051 (0.050に0.054) 

Prevalence Veget unadj (g/pop) Country-level -1.36 (-1.53 to -1.12) 0.26 (0.22に0.33) 

 

Third, for models of prevalence of blindness and vision loss due to vitamin A deficiency, this was run as a 

single-parameter meta-regression on prevalence, so incidence estimates were not generated. Data from 

subnational locations were crosswalked to the reference data sources of nationally representative data. 

Vitamin A deficiency prevalence was used as a location-level covariate. Two covariates that were used in 

GBD 2015 were removed in the GBD 2016 models, and this was carried over into GBD 2017. These were 

1) proportion of children who are underweight, and 2) year. The first was removed to eliminate a 

modelling circularity where, because of timing of processes, the only available results for this covariate at 

the time of modelling vitamin A deficiency were from the previous round of GBD estimation. The second 
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was removed because it functionally assumes a fixed time trend in the prevalence of vision loss, which 

may not be the case everywhere.  

 

Table 4a Dataset contents for vision loss due to vitamin A deficiency model  
Prevalence 

Site-years (total) 44 

Number of countries with data 27 

Number of GBD regions with data (out of 21 regions) 10 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

Table 4b: Covariate effects for vision loss due to vitamin A deficiency model 

Measure Covariate Type Value Exponentiated 

Prevalence Sex Study-level -0.044 (-1.4 to 1.32) 0.96 (0.25に3.73) 

Prevalence Subnational Study-level 0.24 (0.015に0.48) 1.27 (1.02に1.62) 

Prevalence Vit A def prev (age-stdised) Country-level 1.11 (0.069に1.97) 3.05 (1.07に7.14) 

 

Severity splits and disability weights 

Our GBD 2017 results include explicit estimates of total vitamin A deficiency, although those without 

vision loss are assumed to be asymptomatic. Description of how our estimates of total vision loss 

described above are parsed into moderate vision loss, severe vision loss, and blindness can be found in 

the modelling desIヴｷヮデｷﾗﾐ aﾗヴ デｴW さ┗ｷゲｷﾗﾐ ﾉﾗゲゲ ｷﾏヮ;ｷヴﾏWﾐデざく “Wケ┌Wﾉ;W ;ﾐS IﾗヴヴWゲヮﾗﾐSｷﾐｪ Sｷゲ;Hｷﾉｷデ┞ ┘Wｷｪｴデゲ 
for each of the health states associated with vitamin A deficiency are shown in the table below. 

 

Table 5. Severity, lay description, and disability weight ( ) 

Sequela Health state 

name 

Lay description Disability 

weight 

Moderate vision 

impairment loss due to 

vitamin A deficiency 

Distance vision, 

moderate 

impairment 

has vision problems that make it difficult to 

recognise faces or objects across a room. 

0.031 

(0.019に0.049) 

Severe vision 

impairment loss due to 

vitamin A deficiency 

Distance vision, 

severe 

impairment 

has severe vision loss, which causes difficulty in 

daily activities, some emotional impact (for 

example worry), and some difficulty going 

outside the home without assistance. 

0.184 

(0.125に0.258) 

Blindness due to vitamin 

A deficiency 

Distance vision 

blindness 

is completely blind, which causes great difficulty 

in some daily activities, worry and anxiety, and 

great difficulty going outside the home without 

assistance.  

0.187 

(0.124に0.26) 

Asymptomatic vitamin A 

deficiency 
Asymptomatic -- -- 

No other changes were made for GBD 2017. 
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Other nutritional deficiencies  
 

Other nutritional deficiencies encompass a wide variety of causes of morbidity, ranging from vitamin 

deficiencies to other nutritional anaemias. GBD 2017 treats these causes as a single category, given their 

relatively limited burden, diversity in underlying causes and risk factors, and data availability. Instead of 

modelling them in a traditional modelling format, we calculate the YLDs associated with other nutritional 

deficiencies using a YLD/YLL ratio.   

The first input for this non-fatal portion of other nutritional deficiencies burden is the YLL estimates from 

the GBD 2017 causes of death (CoD) analysis. The causes and their associated ICD-10 codes that 

constitute other nutritional deficiencies for CoD are listed below. Additionally, CoD includes specific 

models for protein-energy malnutrition, another nutritional cause of morbidity and mortality; as protein-

energy malnutrition has a specific non-fatal model that results in YLDs, we can calculate the YLD/YLL ratio 

for protein-energy malnutrition. We multiply the YLL estimates for other nutritional deficiencies from CoD 

by the YLD/YLL ratio for PEM, providing us with an estimate of the YLDs associated with other nutritional 

deficiencies.  

 

GBD cause ICD-10 code 

Other nutritional 

deficiencies 

D51-D52.0 (vitamin B12 deficiency anaemia and folate deficiency 

anaemia) 

Other nutritional 

deficiencies 
D52.8-D53.9 (other nutritional anaemias) 

Other nutritional 

deficiencies 
D64.3 (other sideroblastic anaemias) 

Other nutritional 

deficiencies 

E51-E61.9 (thiamine, niacin, other B group vitamins, ascorbic acid, vitamin 

D, other vitamin, dietary calcium, dietary selenium, dietary zinc, and other 

nutrient element deficiencies) 

Other nutritional 

deficiencies 

E63-E64.0 (other nutritional deficiencies and sequelae of protein-calorie 

malnutrition) 

Other nutritional 

deficiencies 

E64.2-E64.9 (sequelae of vitamin C deficiency, rickets, other nutritional 

deficiencies, and unspecified nutritional deficiencies) 

Other nutritional 

deficiencies 
M12.1-M12.19 (Kaschin-Beck disease) 
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Cancer 

Neoplasms 
The general framework for the GBD 2017 cancer estimation applies to all malignant 

neoplasms (aka cancers) except for non-melanoma skin cancer (basal cell carcinoma and 

squamous cell carcinoma) and myelodysplastic,  myeloproliferative, and other 

haemopoietic neoplasms;  

Incidence, prevalence, YLD estimation - cancer

Combine MI and 

CoDcorrect 

draws to 

calculate 

incidence

GBD 

cancer 

incidence 

estimates 

SEER mortality, incidence, 

and survival data

Adjust for background 

mortality: 

Absolute survival=relative 

survival * e
lambda*t

Model survival ~ MIR 

relationship in SEER

Final cancer prevalence 

estimates (duration 

until death or 10 years 

in survivors)

Final MI ratio 

estimates

Scale SEER survival curve 

for each country according 

to (predicted/SEER) 

proportion

Upload to 

results 

database

Hospital data 

(procedure codes)

Calculate 

proportions  of 

cancer 

population that 

undergoes the 

procedure

Model procedure 

proportions in 

DisMod

Upload 

proportions 

to Epi 

database

Combine survival data 

with final incidence 

estimates for 

prevalence estimates

Multiply each 

prevalent case  

with duration of 

diagnosis/

treatment phase

Multiply each death 

with duration of 

metastatic/

disseminated phase

Multiply each 

death with 

duration of 

terminal phase

Upload to 

results 

database

Combine 

proportions with 

incidence 

estimates

Multiply each 

prevalent case 

with duration of 

remission phase

Apply sequela/procedure specific disability weights

GBD 

cancer 

incidence 

estimates 

Sum YLDs for 

each sequela by 

cancer
Final cancer 

YLD 

estimates

Procedure YLDs

1

2

5

6

6

7

8

9

11

Model procedure 

prevalence in 

DisMod

12

Distribute procedure 

prevalence to 

incontinence and 

impotence for 

prostatectomy 

 Lambda values: lambda= (ln(nLxn/

nLxn+1))/5 where nLx=person years lived 

between ages x and x+n (from GBD 

lifetable)

10

Input data

Process

Results

Database

All-cause mortality

Cause of death

Non-fatal

Disability weights

Burden estimation

Covariates

Predict survival 

from MI ratios 

using SEER 

models

3 4

Survival 

dataset
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Input data and methodological appendix 

Case definition 

For GBD 2017, incidence, prevalence, and disability are estimated for all cancers and benign neoplasms as 

defined in ICD-10 (C00-D49). The associated ICD codes for neoplasms estimated for GBD 2017 are listed 

in Appendix Table 4. Prevalence for all cancers is estimated for a maximum of ten years after incidence, as 

in GBD 2013, GBD 2015, and GBD 2016. Prevalence extending beyond the ten-year period is only 

estimated for permanent sequelae resulting from procedures. 

To estimate disability for each cancer, total prevalence is split into four sequelae: 1. diagnosis and primary 

therapy; 2. controlled phase; 3. metastatic phase; and 4. terminal phase. The diagnosis and primary 

therapy phase is defined as the time from the onset of symptoms to the end of treatment. The controlled 

phase is defined as the time between finishing primary treatment and the earliest of either: cure (defined 

as recurrence- and progression-free survival after ten years); death from another cause; or progression to 

the metastatic phase. The metastatic phase is defined as the time period of intensive treatment for 

metastatic disease, as determined for each cancer by SEER (Surveillance, Epidemiology, and End Results 

Program) averages (Table 3). The terminal phase is defined as the one-month period prior to death. Each 

of these four sequelae has a separate disability weight, which are the same across cancers (Error! 

Reference source not found.). Because of long-term disability associated with treatment-related 

procedures, additional disability beyond these four sequelae is estimated for five cancers: breast cancer 

(disability due to mastectomy), larynx cancer (disability due to laryngectomy), colon and rectum cancer 

(disability due to stoma), bladder cancer (disability due to incontinence from cystectomy), and prostate 

cancer (disability due to incontinence and impotence from prostatectomy).  

Input data 

Cancer incidence is directly estimated from cancer mortality using mortality to incidence ratios (MIRs). 

Data sources for cancer mortality are described in detail elsewhere.1 To estimate the proportion of cancer 

patients undergoing procedures we used SEER data form 1983 to 20082 and Mexico Hospital Data from 

2001 to 20093. Data sources used to adjust procedure sequelae will be listed below. 

Modelling strategy  

Estimation of cancer mortality and MIR estimation has been described in the GBD 2017 Mortality and 

Causes of Death capstone papers. The final GBD cancer mortality estimates are transformed to incidence 

estimates by using separately estimated MIRs. To summarize the MIR estimation process, incidence and 

mortality data from cancer registries were matched by cancer, age, sex, year, and location to generate MI 

ratios. We used a fixed effect logistic regression model to estimate MIRs, with covariates for sex, 

categorical age, and the Healthcare Access and Quality index (HAQ index)4 (which replaced  the Socio-

demographic Index [SDI] used in this model in GBD 2016): 

logit 盤警荊 堅欠建件剣頂┸銚┸鎚┸痛匪 噺 糠 髪 éヱ茎畦芸荊頂┸痛 髪 布 éヲ荊銚凋
銚 髪 éン荊鎚 髪 誠頂┸銚┸鎚┸痛   

 

c: country, a: age group, t: time (years); s: sex 

HAQI: Healthcare Access and Quality index 

I: indicator variable  

誠c,a,s,t: error term 
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Data points were outliered manually if they clearly influenced the model in an unrealistic way. For 

example, a data point was marked as an outlier if it created a single-year, single-age-group spike in model 

predictions that was inconsistent with the trend suggested by surrounding data points. Results from the 

final linear model were used as input for space-time smoothing and a Gaussian process regression (ST-

GPR). The ST-GPR process has been updated for GBD 2017.  

Final MIR estimates at the 1,000-draw level were combined with final mortality estimates (also at the 

1,000-draw level) to generate incidence estimates. It was assumed that uncertainty in the MIR is 

independent of uncertainty in the estimated mortality. 

After transforming the final GBD cancer mortality estimates to incidence estimates (step 1 in the general 

cancer flowchart), incidence was combined with the relative yearly survival estimates up to ten years 

(step 7 in the flowchart). For GBD 2017 we updated our methods to more directly utilise MIRs to 

generate these yearly cancer relative survival estimates. Previous reports suggest that the value of (1 に 

MIR) may serve as a proxy for five-year relative survival, with the exact correlation varying slightly by 

cancer type.5 We used SEER*Stat6 to obtain mortality, incidence, and relative survival statistics from the 

nine SEER registries7 reporting from 1980に2014 (step 2), by cancer type, sex, five-year blocks (ie, 1980に
1984, 1985に1989, etc.), and five-year age groups (except combining 80+). For each cancer, we modelled 

five-year relative survival with the SEER MIRs using Poisson regression, weighted by the number of 

incident cases (step 3). To reduce variability due to small samples, we only included MIRs based on at 

least 25 incident cases (except for the rarer cancers mesothelioma, nasopharyngeal cancer, and acute 

myeloid leukaemia, where MIRs based on at least ten cases were included). These models were then 

applied to the GBD MIR estimates to predict an estimated five-year survival for each 

age/sex/year/location (step 4). To prevent unrealistic values, predicted survival values were winsorised to 

be between 100% survival and the worst-case survival scenario from SurvCan and USA 1950 survival 

data8,9 utilised in previous GBD cycles. To obtain yearly survival estimates up to ten years, we compared 

these five-year relative survival estimates to the SEER sex-specific all-ages relative five-year survival data 

from 2004 (the latest year with ten-year survival available).10 The proportion of the predicted GBD five-

year survival estimate to the SEER five-year survival statistic was used as a scalar to generate yearly 

survival estimates from the GBD survival predictions under the proportional hazard assumption (step 5).  

To transform relative to absolute survival (adjusting for background mortality), GBD 2017 life tables were 

used (step 6 and 7 in the flowchart) to calculate lambda values: lambda= (ln(nLxn/nLxn+1))/5, where 

nLx=person-years lived between ages x and x+n (from GBD lifetable). Absolute survival was then 

calculated using an exponential survival function (absolute survival = relative survival * elambda*t). 

For the purposes of calculating disability due to cancer, survivors beyond ten years were considered 

cured. For this group, the survivor population prevalence was divided into two sequelae (1. diagnosis and 

primary therapy; 2. controlled phase). For the population that did not survive beyond ten years, the 

yearly prevalence was divided into the four sequelae by assigning the fixed durations for each of the 

diagnosis and primary therapy phase, metastatic phase, and terminal phase, and assigning the remaining 

prevalence to the controlled phase (step 9 in the flowchart). Duration of these four sequelae remained 

the same as for GBD 2013, GBD 2015, and GBD 2016.11 Table 3 lists the duration of each, along with the 

sources used to determine their length. 
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Table 3. Duration of four prevalence sequelae by cancer 

  

Diagnosis/ 

Treatment 

(months)  

Remission 
Disseminated/metastatic 

(months) 
Note 

Terminal 

(months) 

Oesophageal 

cancer 
512 

Calculated 

based on 

remainder 

of time 

after 

attributing 

other 

sequelae. 

 

4.610 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

1 month 

Stomach cancer 5.212 3.8810 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

Liver cancer 4 2.5110 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

Larynx cancer 5.312 8.8410 SEER Stage IVc 

Lung cancer  3.313 4.5110 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

Breast cancer 313 17.710 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

Cervical cancer 4.812 9.2110 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

Uterine cancer 4.612 11.610 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Prostate cancer 413 30.3510 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Colorectal 

cancer 
413 9.6910 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000  

Oral cancer 5.312 9.3310 SEER Stage IVc 

Nasopharyngeal 

cancer 
5.312 13.1910 SEER Stage IVc 

Cancer of other 

part of pharynx 
5.312 7.9110 SEER Stage IVc 

Gallbladder 

cancer 
4 3.4710 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Pancreas 

cancer 
4.112 2.5410 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 
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Melanoma 2.914 7.1810 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Ovarian cancer 3.213 25.610 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Testicular 

cancer 
3.712 19.4710 SEER Stage III 

Kidney cancer 5.312 5.3810 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Bladder cancer 5.112 5.810 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Brain cancer 5 6.9310 

SEER Median age 

standardised survival, all 

patients, all years 

Thyroid cancer 3 19.3910 SEER Stage IVc 

Mesothelioma 4 7.7510 

SEER Summary Stage 1997 

(Distant site/node involved) 

1995に2000 

Hodgkinげゲ 

lymphoma 
3.713 2615  

Non Hodgkin 

lymphoma 
3.713 7.715  

Multiple 

myeloma 
712 36.8210 

SEER Median age-

standardised survival, all 

patients, all years 

Leukaemia12 5 43.6710 

SEER Median age-

standardised survival, all 

patients, all years 

ALL 12 7.0210 

SEER Median age-

standardised survival, all 

patients, all years 

AML 6 4.610 

SEER Median age-

standardised survival, all 

patients, all years 

CLL 6 4816 

SEER Median age-

standardised survival, all 

patients, all years 

CML 6 4.610 

SEER Median age-

standardised survival for 

AML (patients with CML die 

in blast crisis, which is 

treated like AML) all 

patients, all years 
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Leukaemia 

other 
6 4816 

SEER Median age-

standardised survival, all 

patients, all years 

Other 

4.4 (mean of 

other cancer 

durations) 

15.8110 

SEER Median age-

standardised survival, all 

patients, all years 

 

For cancer-specific procedure sequelae, hospital data were used to estimate the number of cancer 

patients undergoing mastectomy, laryngectomy, stoma, prostatectomy, and cystectomy (step 10 in the 

flowchart). These proportions remained the same as in GBD 2013, GBD 2015, and GBD 2016.11 

Proportions were generated by dividing the rate of procedures generated from the diagnostic codes in 

the hospital dataset and the coverage population by the GBD age- and sex-specific disease incidence 

rates for that country. Diagnostic codes used are listed in table 4: 

Table 4. Procedure codes used to estimate cancer procedure proportions 

Procedure Cancer Procedure code (ICD-9_CM) 

Mastectomy Breast cancer 854, 8541, 8542, 8543, 8544, 

8545 

8546, 8547, 8548 

Laryngectomy Larynx cancer 301, 303, 304, 3029 

Stoma Colon and rectum cancer 461, 4610, 4611, 4613, 4862 

Cystectomy Bladder cancer  5771, 5779 

Prostatectomy Prostate  603, 604, 605, 606, 6062 

 

To estimate procedure-related disability for each of these five cancers, the procedure proportions 

(proportion of each cancer population that undergo these procedures) from hospital data were used as 

input for a proportion model in DisMod-MR 2.1 to estimate the proportions for all locations, by age, year, 

and by sex.  

Since colostomy or ileostomy procedures are done for reasons other than cancer, a literature review was 

conducted デﾗ SWデWヴﾏｷﾐW デｴW ヮヴﾗヮﾗヴデｷﾗﾐ ﾗa ﾗゲデﾗﾏｷWゲ S┌W デﾗ IﾗﾉﾗヴWIデ;ﾉ I;ﾐIWヴく TｴW さ;ﾉﾉ-I;┌ゲWざ Iﾗﾉﾗゲデﾗﾏ┞ 
proportions were multiplied by 0.58, based on the results of the literature review that an average of 58% 

of ostomies are done for colorectal cancer.17に19   

The final procedure proportions were applied to the incidence cases of the respective cancers and 

multiplied with the proportion of the incidence population surviving for ten years to determine the 

incident cases of the cancer population that underwent procedures and that survived beyond ten years. 

These incident cases were used again as an input for DisMod-MR 2.1, with a remission specification of 

zero and an excess mortality rate prior of 0 to 0.1, as well as with increasing the age of the population and 

the year by ten years to reflect prevalence after that population has survived ten years. This approach 

was updated compared to GBD 2016, where we did not include an age or time shift. The results from this 

model are incidence and lifetime prevalent cases of persons with these cancer-related sequelae who have 

survived beyond ten years. 

Since disability associated with prostatectomy comes from impotence and incontinence, and not from the 

prostatectomy itself, 18% of the prostatectomy prevalence was assumed to have incontinence and 55% 
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was assumed to have impotence, based on a literature review done for GBD 2013.20に27 Cases were 

assigned disability for either impotence or incontinence, but no cases were assigned disability from both. 

We assumed that for the population surviving up to ten years, only the prevalence population being in 

remission experiences additional disability due to procedures (eg, women suffering from metastatic 

breast cancer do not experience additional disability due to a mastectomy during this phase). To estimate 

the prevalence of the cancer population in remission during the first ten years after diagnosis with and 

without procedure-related disability, we multiplied the prevalence of the population in the remission 

phase with the proportion of the population undergoing a procedure. This step allowed us to estimate 

disability during the remission phase for both the population experiencing disability due to the remission 

phase alone, as well as the population experiencing disability from the remission phase and the additional 

procedure-related disability. 

Lastly, the procedure sequelae prevalence and general sequelae prevalence were multiplied with their 

respective disability weights (Table 5) to obtain the number of YLDs (steps 11 and 12 in the flowchart). 

The sum of these YLDs is the final YLD estimate associated with each cancer. 

Table 5. Lay description and disability weights 

Health state Lay description Estimate Uncertainty interval 

Cancer, diagnosis and 

primary therapy 

(cancer_diagnosis) 

This person has pain, nausea, 

fatigue, weight loss and high anxiety. 

              

0.288  

              

0.193  

              

0.399  

Cancer, controlled phase 

(generic_medication) 

This person has a chronic disease 

that requires medication every day 

and causes some worry but minimal 

interference with daily activities. 

              

0.049  

              

0.031  

              

0.072  

Cancer, metastatic 

(cancer_metastatic) 

This person has severe pain, extreme 

fatigue, weight loss and high anxiety. 

              

0.451  

              

0.307  

              

0.600  

Terminal phase, with 

medication 

(cancer_terminal_treat) 

This person has lost a lot of weight 

and regularly uses strong medication 

to avoid constant pain. The person 

has no appetite, feels nauseous, and 

needs to spend most of the day in 

bed. 

              

0.540  

              

0.377  

              

0.687  

Mastectomy 

(cancer_mastectomy) 

This person had one of her breasts 

removed and sometimes has pain or 

swelling in the arms.  

              

0.036  

              

0.020  

              

0.057  

Stoma (cancer_stoma) This person has a pouch attached to 

an opening in the belly to collect and 

empty stools.  

              

0.095  

              

0.063  

              

0.131  

316



Laryngectomy 

(speech_problems) 

This person has difficulty speaking, 

and others find it difficult to 

understand.  

              

0.051  

              

0.032  

              

0.078  

Urinary incontinence 

(incontinence) 

This person cannot control urinating.               

0.139  

              

0.094  

              

0.198  

Impotence (impotence) This person has difficulty in 

obtaining or maintaining an erection. 

              

0.017  

              

0.009  

              

0.030  

 

There are no other significant changes to the GBD 2017 neoplasm modelling process compared to GBD 

2016. 

 

Non-melanoma skin cancer (squamous and basal cell carcinoma) 
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Case definition  

Non-melanoma skin cancer (NMSC) is defined as basal cell carcinoma and squamous cell carcinoma. 

NMSC does not include other types of skin cancer (eg, melanoma, Merkel cell carcinoma). 

Input data 

We estimated squamous cell and basal cell skin cancer incidence by using cancer registry as well as 

primary literature, and MarketScan data for incidence. Only cancer registries that were listed in CI5 VIII as 

registering squamous cell carcinoma or basal cell carcinoma, respectively, were included in the analysis. 

Modelling strategy 

For cancer registry data reported at the three-digit level (ie, C44: Other and unspecified malignant 

neoplasm of skin), proportions from Karagas and colleagues were used to split C44 into squamous cell 

carcinoma and basal cell carcinoma.28 The only new data we added compared to GBD 2016 were 

MarketScan data. DisMod-MR 2.1 was used to model incidence and prevalence. Prevalence was 

calculated as a function of two extreme scenarios (duration 1 versus 5 years). Country, age, sex and year-

specific duration was estimated using a country-age-sex-year specific relative access-to-care-score.  

 

The access to care score was based on the melanoma mortality to incidence ratio: 

 畦潔潔結嫌嫌 建剣 潔欠堅結 噺 な 伐 畦訣結 嫌建欠券穴欠堅穴件権結穴 警荊迎頂槻鎚 伐 畦訣結 嫌建欠券穴欠堅穴件権結穴 警荊迎陳沈津畦訣結 嫌建欠券穴欠堅穴件権結穴 警荊迎陳銚掴 伐 畦訣結 嫌建欠券穴欠堅穴件権結穴 警荊迎陳沈津 

c=country; y=year; s=sex; Age-standardized MI ratiomin=lowest MIR for all countries and years; Age 

standardized MIRmax=highest MIR for all countries and years 

Remission was calculated as the inverse of the duration estimates and used as additional input for 

DisMod-MR 2.1. 

 

To reflect differing degrees of disability due to squamous cell carcinoma we used three levels of severity 

that were derived from MEPS (Medical Expenditure Panel Survey). Prevalence was multiplied by distinct 

disability weights (Table 6) to generate YLDs. 

 

Table  Lay description and disability weights 

Cause Health state  Estimate 

with 

uncertainty 

interval 

Cutaneous squamous 

cell carcinoma, mild 

Disfigurement, 

level 1 

has a slight, visible physical deformity that 

others notice, which causes some worry and 

discomfort. 

0.011 

(0.005に
0.021) 

Cutaneous squamous 

cell carcinoma, 

moderate 

Disfigurement, 

level 2 

has a visible physical deformity that causes 

others to stare and comment. As a result, the 

person is worried and has trouble sleeping and 

concentrating. 

0.067 

(0.044に
0.096) 
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Cutaneous squamous 

cell carcinoma, severe 

Disfigurement, 

level 3, with 

itch/pain 

has an obvious physical deformity that is very 

painful and itchy. The physical deformity makes 

others uncomfortable, which causes the person 

to avoid social contact, feel worried, sleep 

poorly, and think about suicide. 

0.576 

(0.401に
0.731) 

Disfigurement due to 

basal cell carcinoma 

Disfigurement, 

level 1 

has a slight, visible physical deformity that 

others notice, which causes some worry and 

discomfort. 

0.011 

(0.005に
0.021) 

 

There are no other significant changes to the GBD 2017 NMSC modelling process compared to GBD 2016. 

 

Non-melanoma skin cancer, squamous cell carcinoma 

  Incidence 

Site-years (total) 1448 

Number of countries with data 88 

Number of GBD regions with data (out of 21 regions) 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Non-melanoma skin cancer, basal cell carcinoma 

  Prevalence 

Site-years (total) 1608 

Number of countries with data 89 

Number of GBD regions with data (out of 21 regions) 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Myelodysplastic, myeloproliferative, and other haematological 

neoplasms 

 

Case definition 

For GBD 2017 we newly estimated the myelodysplastic, myeloproliferative, and other haematological 

neoplasms (MDS/MPN). While these neoplasms comprise a wide variety of diseases and outcomes, we 

have modelled them together as a single group for GBD 2017.  

Input data 

We estimated MDS/MPN deaths using vital registration data (as outlined above). We did not use cancer 

registry data for these neoplasms, as it has only been reported within cancer registries since 2001 and is 

recognised to be underreported.29 We estimated MDS/MPN prevalence using MarketScan claims data 

from the United States in the years 2000, 2010, and 2012, as well as hospital and outpatient data from 

other health systems worldwide. 

Modelling strategy 

We modelled deaths for all locations and years, by age and by sex, using CODEm. As MDS/MPN can be a 

precursor to leukaemia, our MDS/MPN CODEm model used the same covariates as the CODEm model for 

acute myeloid leukaemia.   

We modelled the prevalence of these diseases for all locations, by age, year, and by sex using a 

prevalence model in DisMod-MR 2.1. Each of the MarketScan 2000, 2010, and hospital data sources were 

crosswalked to the 2012 MarketScan data. For DisMod model specifications, cause-specific mortality 
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rates came from the CODEm model, remission was specified to be zero, and the excess mortality rate was 

set to be inversely related to the Healthcare Access and Quality index covariate. 

While this broad category of haWﾏ;デﾗﾉﾗｪｷI;ﾉ ﾐWﾗヮﾉ;ゲﾏゲ ｷゲ ｴWデWヴﾗｪWﾐWﾗ┌ゲ ｷﾐ ｷデゲ IﾗﾏヮﾗﾐWﾐデゲげ ゲW┗Wヴｷデ┞ ﾗヴ 
propensity for transformation to leukaemia, modelling these components separately was not feasible for 

2017. This is an admitted limitation, and an area of desired future improvement as data availability 

improves. For GBD 2017, the generic medication disability weight was assigned for all MDS/MPN cases 

(see Table 5).  

Myelodysplastic, myeloproliferative, and other haemopoietic neoplasms 

  Prevalence 

Site-years (total) 1381 

Number of countries with data 41 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

 

Benign and in situ intestinal neoplasms; Benign and in situ cervical and 

uterine neoplasms; Other benign and in situ neoplasms  
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Case definition 

For GBD 2017 we newly estimated three categories of benign and in situ neoplasms: intestinal 

neoplasms; cervical and uterine neoplasms; and other benign and in situ neoplasms. Benign and in situ 

intestinal neoplasms were defined as any non-invasive intestinal growth. Benign and in situ cervical and 

uterine neoplasms were defined as any non-invasive cervical and uterine growth, except for uterine 

fibroids. Other benign and in situ neoplasms were defined as any non-invasive neoplasms not covered by 

other causes. 

Input data 

To estimate the prevalence of each of these categories for all locations, by age, year, and sex, the 

prevalence of these neoplasms from hospital data was used as input for a prevalence model in DisMod-

MR 2.1. These inputs included MarketScan claims data from the United States in the years 2000, 2010, 

and 2012, as well as hospital and outpatient data from other health systems worldwide. Each of these 

data sources was crosswalked to the 2012 MarketScan data.  

Modelling strategy 

In the DisMod model, excess mortality rate was specified to be zero, and remission was allowed to vary 

from 0 to 1. For benign and in situ cervical and uterine neoplasms, in the DisMod model, excess mortality 

rate was specified to be zero, and remission was allowed to vary from 0 to 0.75. For other benign and in 

situ neoplasms, in the DisMod model, excess mortality rate was specified to be zero, and remission was 

allowed to vary from 0 to 1. 

All three of these benign and in situ neoplasms are by definition benign and localised. As such, no deaths 

or disability were attributed to their occurrence in GBD 2017.  

Benign and in situ intestinal neoplasms 

  Prevalence 

Site-years (total) 1414 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Benign and in situ uterine neoplasms 

  Prevalence 

Site-years (total) 1411 

Number of countries with data 42 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Other benign and in situ neoplasms 

  Prevalence 

Site-years (total) 1415 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Input data and methodological appendix 

 

Case definition 

Rheumatic heart disease (RHD) was defined as a clinical diagnosis by a physician with or without 

confirmation using echocardiography. This case definition for echocardiographic confirmation of RHD 

follows the World Heart Federation criteria for echocardiographic diagnosis of rheumatic heart disease 

(1). 

 

Criterion Definition 

1. Echocardiography Prevalent rheumatic heart disease based on echocardiographic assessment 

and clinical confirmation 

2. Clinical diagnosis Prevalent rheumatic heart disease based on physician diagnosis 

 

ICD codes for data included from hospital records can be found in Methods Appendix Table 4. 

 

Input data 

Model inputs 

We did not perform a systematic review for GBD 2017. A systematic review was performed for GBD 2013 

and updated for GBD 2015. The GBD 2015 search information encompassed the following: 

 Search terms: ('rheumatic heart disease' AND epidemiology[MeSH Subheading]) OR  ('acute 

rheumatic fever' AND epidemiology[MeSH Subheading]) OR   ('rheumatic fever' AND 
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epidemiology[MeSH Subheading]) OR   (RHD AND epidemiology[MeSH Subheading]) OR    

('valvular heart disease' AND epidemiology[MeSH Subheading]) OR  (((streptococcus OR 

streptococci) AND heart) AND epidemiology[MeSH Subheading]) OR   (heart AND valve AND 

disease AND epidemiology[MeSH Subheading]) OR   ('mitral valve stenosis' AND 

epidemiology[MeSH Subheading]) OR  (('rheumatic heart disease' OR 'rheumatic fever') AND 

prevalence) OR  (('rheumatic heart disease' OR 'rheumatic fever') AND incidence) OR  

(('rheumatic heart disease' OR 'rheumatic fever') AND ('standardized mortality ratio' OR 

SMR)) OR  ('rheumatic heart disease' OR 'rheumatic fever' AND 'case fatality') 

 Dates included in search: 1/1/2013 に 3/16/2015 

 Number of initial hits: 2,045 

 Number of sources included: 17 

 

These differed from the GBD 2013 search terms: 

 (hasabstract[text] AND Humans[Mesh] AND middle age[MeSH])) OR 21) AND ((rheumatic 

heart disease/epidemiology[Mesh] OR rheumatic heart disease/mortality[Mesh]) AND 

(prevalence[Title/Abstract] OR incidence[Title/Abstract]) AND ("2010"[Date - Publication] : 

"3000"[Date - Publication]) AND (hasabstract[text] AND Humans[Mesh] AND middle 

age[MeSH])) 

 

The number of data sources used in the endemic and non-endemic DisMod models are reported by 

integrand in the tables below. The endemic and non-endemic DisMod models are described below. 

 

Endemic model data counts 

 Prevalence Incidence 

Site-years (total) 70 0 

Number of countries with 

data 

28 0 

Number of GBD regions with 

data (out of 21 regions) 

9 0 

Number of GBD super-regions 

with data (out of 7 super-

regions) 

5 0 

 

Non-endemic model data counts 

 Prevalence Incidence 

Site-years (total) 443 12 

Number of countries with 

data 

34 2 

Number of GBD regions with 

data (out of 21 regions) 

11 2 

Number of GBD super-regions 

with data (out of 7 super-

regions) 

5 1 

 

We did not include any non-literature-based data types other than the hospital and claims data described 

elsewhere. Hospital and claims data were available only for the non-endemic country model. An 

individual was only counted as a case in the claims data if RHD was the primary diagnosis. We used 
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uncorrected inpatient hospital data as the correction factors generated using US claims data were 

exceptionally high (~100X) and could not be validated using data sources from other geographies. As 

patterns of disease and access to care vary widely, using uncorrected hospital data avoids inappropriately 

scaling inpatient data in other countries based on the very high use of RHD codes in the US in all-position 

diagnosis and outpatient claims data. We excluded all outpatient data, as they were implausibly low when 

compared with inpatient data from the same locations and claims data.  

 

For the non-endemic country model, we included study-level covariates for inpatient hospital data and 

claims data from 2000 and 2010 to adjust these data points, using as reference the data obtained from 

literature and claims data from 2012. 

 

Severity splits and disability weights 

 

Severity level Lay description DW (95% CI) 

Rheumatic heart disease, not 

including heart failure 

Has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities. 

0.049 (0.031に0.072) 

 

Modelling strategy  

For GBD 2017 estimation, we ran two models using DisMod-MR に one for non-endemic countries and one 

for endemic countries. For GBD 2016, we identified locations as endemic if the estimated death rate due 

to RHD was greater than 0.15 per 100,000 in the 5 to 9 age group, or if that location had an SDI less than 

0.6. For GBD 2017, we identified locations as endemic if the estimated death rate due to RHD was greater 

than 0.15 per 100,000 in the 10 to 14 age group, or if that location had an SDI less than 0.6. This change 

in age group was made based on feedback from RHD expert reviewers due to concerns that the death 

rate in 5 to 9 age group would not capture endemicity in locations where RHD is common only in later 

age groups. Each location estimated as part of GBD 2017 is listed below as either さEﾐSWﾏｷIざ or さNon-

WﾐSWﾏｷIざ. 

 

Remission 

In GBD 2016, we assumed that there was no remission from RHD. For GBD 2017, we estimated remission 

in both the endemic and non-endemic DisMod models. This decision was based on two studies2,3  that 

observed remission among confirmed RHD cases. We used the equation below to convert reported 

proportion of remitted individuals in each study to a remission rate, defined as the number of remitted 

cases divided by the total person-years of disease: 堅結兼件嫌嫌件剣券 堅欠建結 噺 log岫な 伐 喧堅剣喧剣堅建件剣券 堅結兼件建建結穴岻検結欠堅嫌 剣血 血剣健健剣拳憲喧  

Where proportion remitted is the reported proportion of all individuals with RHD at baseline who ended 

up remitting, and years of followup is the mean follow-up time in the study. The relevant values for the 

two papers and the calculated remission rates are listed in the table below. 

 

 

Study Remitted proportion Mean follow-up time Calculated remission rate 

Beaton et al2   0.3 2.4 years 0.14 cases per person-year 
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Engelman et al3   0.1 7.5 years 0.014 cases per person-

year 

 

In order to acknowledge the uncertainty in these calculated remission rates and to allow DisMod 

flexibility in estimating remission, we input 0.15 as the upper bound for remission the remission prior and 

0.01 as the lower bound for remission the remission prior. Because the two studies used to estimate 

remission were done only in children, we applied these remission priors to only those younger than age 

20, and setting a remission prior of zero for adults older than age 20. 

 

DisMod models 

Non-endemic model: We included hospital data, claims data, and limited literature data on prevalence. 

We also included CSMR from our mortality estimates of RHD for non-endemic locations only. A prior of no 

remission was set, and excess mortality was capped at 0.1 for all ages. We included study-level covariates 

for claims data from 2000 and 2010, crosswalking them to data from the literature and claims data in 

2012. We also included the log-transformed age-standardised SEV scalar for RHD and the natural log of 

lagged distributed income (lnLDI, I$ per capita) as country-level covariates for prevalence and excess 

mortality, respectively. 

 

Endemic model: We included prevalence data from surveys published in the literature. As with the high-

income model, we included CSMR from our mortality estimates of RHD for endemic locations only. A 

prior of no remission was set for all ages, and excess mortality was capped at 0.07, the highest observed 

mean excess mortality rate data point observed in this model. We also set priors of 0 on incidence for 

ages 0 to 1 and 50 to 100 to account for patterns of incidence in endemic countries. We used lnLDI as a 

fixed-effect country-level covariate on prevalence and excess mortality, enforcing an inverse relationship 

for both. The log-transformed, age-standardised SEV scalar was also used as a fixed-effect country-level 

covariate on prevalence.  

 

We combined estimates from the endemic and non-endemic models, selecting estimates for the 

locations identified as non-endemic from the non-endemic model and estimates for the locations 

identified as endemic from the endemic model. Estimates of heart failure due to RHD were then 

subtracted from the estimates for RHD, giving the overall prevalence of RHD without heart failure. A 

description of the modelling strategy for heart failure due to RHD can be found in the heart failure 

appendix. We evaluated models based on comparing estimates with input data as well as estimates from 

previous rounds of GBD. 

 

The table below shows the country covariates, parameters, betas, and exponentiated betas: 

 

Covariate Parameter beta Exponentiated beta 

Endemic model 

Log-transformed age-

standardised SEV scalar: RHD 

Prevalence 1.00 (0.76に1.24) 2.71 (2.14に3.45) 

LDI (I$ per capita) Excess mortality rate -0.26 (-0.48 to -0.11) 0.76 (0.62に0.90) 

Non-endemic model 

Inpatient MarketScan, year 

2000 

Study-level 1.12 (0.95 to 1.30) 3.07 (2.59に3.69) 

Inpatient MarketScan, year 

2010 

Study-level -0.001 (-0.11 to 0.1) 1 (0.9に1.11) 
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Log-transformed age-

standardised SEV scalar: RHD 

Prevalence 0.82 (0.75に0.99) 2.27 (2.12に2.70) 

LDI (I$ per capita) Excess mortality rate -0.54 (-0.57 to -0.5) 0.58 (0.57に0.61) 

 

 

 

 

Endemic locations: Aceh, Acre, Addis Ababa, Afar, Afghanistan, Alagoas, Albania, Alborz, Algeria, Amapá, 

Amazonas, American Samoa, Amhara, Andean Latin America, Andhra Pradesh, Andhra Pradesh, Rural, 

Andhra Pradesh, Urban, Angola, Anhui, Antigua and Barbuda, Ardebil, Argentina, Armenia, Arunachal 

Pradesh, Arunachal Pradesh, Rural, Assam, Assam, Rural, Assam, Urban, Azerbaijan, Bahia, Bangladesh, 

Barbados, Baringo, Belize, Bengkulu, Benin, Benishangul-Gumuz, Bhutan, Bihar, Bihar, Rural, Bihar, Urban, 

Bolivia, Bomet, Botswana, Brazil, Bungoma, Burkina Faso, Burundi, Busia, Cambodia, Cameroon, Cape 

Verde, Caribbean, Ceará, Central African Republic, Central Asia, Central Europe, Eastern Europe, and 

Central Asia, Central Kalimantan, Central Sub-Saharan Africa, Chad, Chahar Mahaal and Bakhtiari, 

Chhattisgarh, Chhattisgarh, Rural, Chhattisgarh, Urban, Chiapas, China, Chongqing, Comoros, Congo, 

Costa Rica, Cote d'Ivoire, Cuba, Delhi, Delhi, Rural, Delhi, Urban, Democratic Republic of the Congo, Dire 

Dawa, Distrito Federal, Djibouti, Dominica, Dominican Republic, East Asia, East Azarbayejan, East Nusa 

Tenggara, Eastern Cape, Eastern Sub-Saharan Africa, Ecuador, Egypt, El Salvador, Elgeyo-Marakwet, 

Embu, Equatorial Guinea, Eritrea, Espírito Santo, Ethiopia, Fars, Federated States of Micronesia, Fiji, Free 

State, Gabon, Gambella, Gansu, Garissa, Gauteng, Georgia, Ghana, Gilan, Global, Goa, Goa, Rural, Goa, 

Urban, Goiás, Golestan, Gorontalo, Grenada, Guam, Guangxi, Guatemala, Guerrero, Guinea, Guinea-

Bissau, Guizhou, Gujarat, Gujarat, Rural, Gujarat, Urban, Guyana, Hainan, Haiti, Hamadan, Harari, 

Haryana, Haryana, Rural, Haryana, Urban, Hebei, Heilongjiang, Henan, Hidalgo, Himachal Pradesh, 

Himachal Pradesh, Rural, Himachal Pradesh, Urban, HomaBay, Honduras, Hormozgan, Hubei, Hunan, 

Ilam, India, Inner Mongolia, Iran, Iraq, Isfahan, Isiolo, Jamaica, Jammu and Kashmir, Jammu and Kashmir, 

Rural, Jammu and Kashmir, Urban, Jharkhand, Jharkhand, Rural, Jharkhand, Urban, Jiangxi, Jilin, Kajiado, 

Kakamega, Karnataka, Karnataka, Rural, Karnataka, Urban, Kenya, Kerala, Kerala, Rural, Kerala, Urban, 

Kericho, Kerman, Kermanshah, Khorasan-e-Razavi, Khuzestan, Kiambu, Kilifi, Kiribati, Kirinyaga, Kisii, 

Kisumu, Kitui, Kohgiluyeh and Boyer-Ahmad, Kurdistan, Kwale, KwaZulu-Natal, Kyrgyzstan, Laikipia, Lamu, 

Laos, Latin America and Caribbean, Lesotho, Liaoning, Liberia, Libya, Limpopo, Lorestan, Machakos, 

Madagascar, Madhya Pradesh, Madhya Pradesh, Rural, Madhya Pradesh, Urban, Maharashtra, 

Maharashtra, Rural, Maharashtra, Urban, Makueni, Malawi, Malaysia, Maldives, Mali, Maluku, Mandera, 

Manipur, Manipur, Rural, Manipur, Urban, Maranhão, Markazi, Marsabit, Marshall Islands, Mato Grosso, 

Mato Grosso do Sul, Mauritania, Mauritius, Mazandaran, Meghalaya, Meghalaya, Rural, Meghalaya, 

Urban, Meru, Mexico City, Michoacán de Ocampo, Migori, Minas Gerais, Mizoram, Rural, Mombasa, 

Mﾗﾐｪﾗﾉｷ;が MﾗヴﾗIIﾗが Mﾗ┣;ﾏHｷケ┌Wが Mヮ┌ﾏ;ﾉ;ﾐｪ;が M┌ヴ;ﾐｪげ;が M┞;ﾐﾏ;ヴが N;ｪ;ﾉ;ﾐSが N;ｪ;ﾉ;ﾐSが ‘┌ヴ;ﾉが 
Nairobi, Nakuru, Namibia, Nandi, Narok, Nepal, Nicaragua, Niger, Nigeria, Ningxia, North Africa and 

Middle East, North Africa and Middle East, North Khorasan, North Korea, North Maluku, North-West, 

Northern Cape, Northern Mariana Islands, Nyamira, Nyandarua, Nyeri, Oaxaca, Oceania, Odisha, Odisha, 

Rural, Odisha, Urban, Oromia, Pakistan, Palestine, Panama, Papua, Papua New Guinea, Pará, Paraguay, 

Paraíba, Paraná, Pernambuco, Peru, Philippines, Piaui, Puebla, Punjab, Punjab, Rural, Punjab, Urban, 

Qazvin, Qinghai, Rajasthan, Rajasthan, Rural, Rajasthan, Urban, Republic of Tuva, Riau Islands, Rio de 

Janeiro, Rio Grande do Norte, Rio Grande do Sul, Rondônia, Roraima, Rwanda, Saint Lucia, Saint Vincent 

and the Grenadines, Samburu, Samoa, Santa Catarina, São Paulo, Sao Tome and Principe, Semnan, 
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Senegal, Sergipe, Seychelles, Shaanxi, Shandong, Shanxi, Siaya, Sichuan, Sierra Leone, Sikkim, Sikkim, 

Rural, Sikkim, Urban, Sistan and Baluchistan, Solomon Islands, Somali, Somalia, South Africa, South Asia, 

South Asia, South Kalimantan, South Khorasan, South Sudan, Southeast Asia, Southeast Asia, East Asia, 

and Oceania, Southeast Sulawesi, Southern Nations, Nationalities, and Peoples, Southern Sub-Saharan 

Africa, Sub-Saharan Africa, Sudan, Suriname, Swaziland, Syria, TaitaTaveta, Tajikistan, Tamil Nadu, Tamil 

Nadu, Rural, Tamil Nadu, Urban, TanaRiver, Tanzania, Tehran, Telangana, Telangana, Rural, Telangana, 

Urban, Thailand, TharakaNithi, The Bahamas, The Gambia, Tianjin, Tibet, Tigray, Timor-Leste, Tocantins, 

Togo, Tonga, TransNzoia, Trinidad and Tobago, Tripura, Tripura, Rural, Tripura, Urban, Tropical Latin 

America, Turkana, Turkmenistan, Tyumen oblast without autonomous areas, UasinGishu, Uganda, Union 

Territories other than Delhi, Union Territories other than Delhi, Rural, Union Territories other than Delhi, 

Urban, United Arab Emirates, Uttar Pradesh, Uttar Pradesh, Rural, Uttar Pradesh, Urban, Uttarakhand, 

Uttarakhand, Rural, Uttarakhand, Urban, Uzbekistan, Vanuatu, Veracruz de Ignacio de la Llave, Vihiga, 

Wajir, West Azarbayejan, West Bengal, West Bengal, Rural, West Bengal, Urban, West Kalimantan, West 

Nusa Tenggara, West Papua, West Sulawesi, West Sumatra, Western Cape, Western Sub-Saharan Africa, 

WestPokot, Xinjiang, Yemen, Yunnan, Zambia, Zanjan, Zimbabwe 

 

Non-endemic locations Aguascalientes, Aichi, Akershus, Akita, Alabama, Alaska, Altai kray, Amur oblast, 

Andorra, Aomori, Arizona, Arkansas, Arkhangelsk oblast without Nenets autonomous district, Arunachal 

Pradesh, Urban, Astrakhan oblast, Aust-Agder, Australasia, Australia, Austria, Bahrain, Baja California, Baja 

California Sur, Bali, Bangka-Belitung Islands, Banten, Barking and Dagenham, Barnet, Barnsley, Bath and 

North East Somerset, Bedford, Beijing, Belarus, Belgium, Belgorod oblast, Bermuda, Bexley, Birmingham, 

Blackburn with Darwen, Blackpool, Bolton, Bosnia and Herzegovina, Bournemouth, Bracknell Forest, 

Bradford, Brent, Brighton and Hove, Bristol, City of, Bromley, Brunei, Bryansk oblast, Buckinghamshire, 

Bulgaria, Bury, Bushehr, Buskerud, Calderdale, California, Cambridgeshire, Camden, Campeche, Canada, 

Central Bedfordshire, Central Europe, Central Java, Central Latin America, Central Sulawesi, Chechen 

Republic, Chelyabinsk oblast, Cheshire East, Cheshire West and Chester, Chiba, Chihuahua, Chile, Chukchi 

autonomous area, Chuvash Republic, Coahuila, Colima, Colombia, Colorado, Connecticut, Cornwall, 

County Durham, Coventry, Croatia, Croydon, Cumbria, Cyprus, Czech Republic, Darlington, Delaware, 

Denmark, Derby, Derbyshire, Devon, District of Columbia, Doncaster, Dorset, Dudley, Durango, Ealing, 

East Java, East Kalimantan, East Midlands, East of England, East Riding of Yorkshire, East Sussex, Eastern 

Europe, Ehime, Enfield, England, Essex, Estonia, Finland, Finnmark, Florida, France, Fujian, Fukui, Fukuoka, 

Fukushima, Gateshead, Georgia, Germany, Gifu, Gloucestershire, Greater London, Greece, Greenland, 

Greenwich, Guanajuato, Guangdong, Gunma, Hackney, Halton, Hammersmith and Fulham, Hampshire, 

Haringey, Harrow, Hartlepool, Havering, Hawaii, Hedmark, Herefordshire, County of, Hertfordshire, High-

income, High-income Asia Pacific, High-ｷﾐIﾗﾏW Nﾗヴデｴ AﾏWヴｷI;が HｷﾉﾉｷﾐｪSﾗﾐが Hｷヴﾗゲｴｷﾏ;が Hﾗﾆﾆ;ｷSﾝが Hﾗﾐｪ 
Kﾗﾐｪ “ヮWIｷ;ﾉ ASﾏｷﾐｷゲデヴ;デｷ┗W ‘Wｪｷﾗﾐ ﾗa Cｴｷﾐ;が HﾗヴS;ﾉ;ﾐSが Hﾗ┌ﾐゲﾉﾗ┘が H┌ﾐｪ;ヴ┞が H┞ﾝｪﾗが IH;ヴ;ﾆｷが IIWﾉ;ﾐSが 
Idaho, Illinois, Indiana, Indonesia, Iowa, Ireland, Irkutsk oblast, Ishikawa, Isle of Wight, Islington, Israel, 

Italy, Ivanovo oblast, Iwate, Jakarta, Jalisco, Jambi, Japan, Jewish autonomous oblast, Jiangsu, Jordan, 

Kabardian-Balkar Republic, Kagawa, Kagoshima, Kaliningrad oblast, Kaluga oblast, Kamchatka kray, 

Kanagawa, Kansas, Karachaev-Chercassian Republic, Kazakhstan, Kemerovo oblast, Kensington and 

Chelsea, Kent, Kentucky, Khabarovsk kray, Khanty-Mansi autonomous area, Kingston upon Hull, City of, 

Kingston upon Thames, Kirklees, Kirov oHﾉ;ゲデが Kﾐﾗ┘ゲﾉW┞が KﾝIｴｷが Kﾗﾏｷ ‘Wヮ┌HﾉｷIが Kﾗゲデヴﾗﾏ; ﾗHﾉ;ゲデが 
Kヴ;ゲﾐﾗS;ヴ ﾆヴ;┞が Kヴ;ゲﾐﾗ┞;ヴゲﾆ ﾆヴ;┞が K┌ﾏ;ﾏﾗデﾗが K┌ヴｪ;ﾐ ﾗHﾉ;ゲデが K┌ヴゲﾆ ﾗHﾉ;ゲデが K┌┘;ｷデが K┞ﾝデﾗが L;ﾏHWデｴが 
Lampung, Lancashire, Latvia, Lebanon, Leeds, Leicester, Leicestershire, Leningrad oblast, Lewisham, 
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Lincolnshire, Lipetzk oblast, Lithuania, Liverpool, Louisiana, Luton, Luxembourg, Macao Special 

Administrative Region of China, Macedonia, Magadan oblast, Maine, Malta, Manchester, Maryland, 

Massachusetts, Medway, Merton, Mexico, México, Michigan, Middlesbrough, Mie, Milton Keynes, 

Minnesota, Mississippi, Missouri, Miyagi, Miyazaki, Mizoram, Mizoram, Urban, Moldova, Montana, 

Montenegro, Møre og Romsdal, Morelos, Moscow City, Moscow oblast, Murmansk oblast, Nagaland, 

Urban, Nagano, Nagasaki, Nara, Nayarit, Nebraska, Nenets autonomous district, Netherlands, Nevada, 

New Hampshire, New Jersey, New Mexico, New York, New Zealand, New Zealand Maori population, New 

Zealand non-Maori population, Newcastle upon Tyne, Newham, Niigata, Nizhny Novgorod oblast, 

Nordland, Norfolk, North Carolina, North Dakota, North East England, North East Lincolnshire, North 

Kalimantan, North Lincolnshire, North Somerset, North Sulawesi, North Sumatra, North Tyneside, North 

West England, North Yorkshire, Northamptonshire, Northern Ireland, Northumberland, Norway, 

Nﾗデデｷﾐｪｴ;ﾏが Nﾗデデｷﾐｪｴ;ﾏゲｴｷヴWが Nﾗ┗ｪﾗヴﾗS ﾗHﾉ;ゲデが Nﾗ┗ﾗゲｷHｷヴゲﾆ ﾗHﾉ;ゲデが N┌W┗ﾗ LWﾙﾐが Oｴｷﾗが Ōｷデ;が Oﾆ;┞;ﾏ;が 
Okinawa, Oklahoma, Oldham, Oman, Omsk oblast, Oppland, Oregon, Orenburg oblast, Oryol oblast, 

Ōゲ;ﾆ;が Oゲﾉﾗが ØゲデaﾗﾉSが O┝aﾗヴSゲｴｷヴWが PWﾐﾐゲylvania, Penza oblast, Perm kray, Peterborough, Plymouth, 

Poland, Poole, Portsmouth, Portugal, Primorsky kray, Pskov oblast, Puerto Rico, Qatar, Qom, Querétaro, 

Quintana Roo, Reading, Redbridge, Redcar and Cleveland, Republic of Adygeya, Republic of Altai, Republic 

of Bashkortostan, Republic of Buryatia, Republic of Crimea, Republic of Dagestan, Republic of Ingushetia, 

Republic of Kalmykia, Republic of Karelia, Republic of Khakasia, Republic of Mariy El, Republic of 

Mordovia, Republic of North Ossetia-Alania, Republic of Sakha (Yakutia), Republic of Tatarstan, Rhode 

Island, Riau, Richmond upon Thames, Rochdale, Rogaland, Romania, Rostov oblast, Rotherham, Russian 

Federation, Rutland, Ryazan oblast, Saga, Saitama, Sakhalin oblast, Salford, Samara oblast, San Luis Potosí, 

Sandwell, Sankt-Petersburg, Saratov oblast, Saudi Arabia, Scotland, Sefton, Serbia, Sevastopol, Shanghai, 

Sheffield, Shiga, Shimane, Shizuoka, Shropshire, Sinaloa, Singapore, Slough, Slovakia, Slovenia, Smolensk 

oblast, Sogn og Fjordane, Solihull, Somerset, Sonora, South Carolina, South Dakota, South East England, 

South Gloucestershire, South Korea, South Sulawesi, South Sumatra, South Tyneside, South West 

England, Southampton, Southend-on-Sea, Southern Latin America, Southwark, Spain, Sri Lanka, St Helens, 

Staffordshire, Stavropol kray, Stockholm, Stockport, Stockton-on-Tees, Stoke-on-Trent, Suffolk, 

Sunderland, Surrey, Sutton, Sverdlovsk oblast, Sweden, Sweden except Stockholm, Swindon, Switzerland, 

Tabasco, Taiwan, Tamaulipas, Tambov oblast, Tameside, Telemark, Telford and Wrekin, Tennessee, Texas, 

Tｴ┌ヴヴﾗIﾆが Tﾉ;┝I;ﾉ;が TﾗIｴｷｪｷが Tﾗﾆ┌ゲｴｷﾏ;が Tﾝﾆ┞ﾝが Tﾗﾏゲﾆ ﾗHﾉ;ゲデが TﾗヴH;┞が Tﾗデデﾗヴｷが Tﾗ┘Wヴ H;ﾏﾉWデゲが Tﾗ┞;ﾏ;が 
Trafford, Troms, Trøndelag, Tula oblast, Tunisia, Turkey, Tver oblast, Udmurt Republic, Ukraine, Ukraine 

(without Crimea & Sevastopol), Ulyanovsk oblast, United Kingdom, United States, Uruguay, Utah, 

Venezuela, Vermont, Vest-Agder, Vestfold, Vietnam, Virgin Islands, U.S., Virginia, Vladimir oblast, 

Volgograd oblast, Vologda oblast, Voronezh oblast, Wakayama, Wakefield, Wales, Walsall, Waltham 

Forest, Wandsworth, Warrington, Warwickshire, Washington, West Berkshire, West Java, West Midlands, 

West Sussex, West Virginia, Western Europe, Westminster, Wigan, Wiltshire, Windsor and Maidenhead, 

Wirral, Wisconsin, Wokingham, Wolverhampton, Worcestershire, Wyoming, Yamagata, Yamaguchi, 

Yamalo-Nenets autonomous area, Yamanashi, Yaroslavl oblast, Yazd, Yogyakarta, York, Yorkshire and the 

Humber, Yucatán, Zabaikalsk kray, Zacatecas, Zhejiang 

 

 

1. Reményi, B. et al. Nat. Rev. Cardiol. 9, 297に309 (2012); published online 28 February 2012 

2. Beaton A, Aliku T, Dewyer A, et al. Latent Rheumatic Heart Disease: Identifying the Children at 

Highest Risk of Unfavorable Outcome. Circulation. 2017;136(23):2233-2244. 
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progress to severe disease. Heart Asia. 2016;8(2):67-73. 

 

334



aemic heart disease 
 

Flowchart 

 

Inpatient hospital 

data

Survey Data

Prevalence & 

incidence by location/

year/age/sex for 

Myocardial infarction 

due to ischemic heart 

disease

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Claims data に 
inpatient visits

Study-level covariates
1)Troponin test in  use

2) Non-fatal MI

3) First ever MI

Severity splits

Prevalence of mild 

angina due to 

ischemic heart 

disease

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Meta-analysis of % 

mild, moderate, 

severe angina due 

to ischemic heart 

disease

Medical Expenditure 

Panel Survey

Surveillance

Location-level 

covariates
1) ln(LDI)

2) SEV for IHD

Prevalence of 

moderate angina 

due to ischemic 

heart disease

Prevalence of 

severe angina due 

to ischemic heart 

disease

CoD

Proportion of pre-

resdistribution, pre-

CoDCorrect IHD that is 

pre-redistribution AMI

Dismod-MR 2.1
MI:IHD 

proprtion

Multiply MI:IHD 

proportion by post-

CoDCorrect IHD 

deaths

Custom 

Acute IHD 

CSMR

Nonfatal 

database

Adjustments to 

inpatient hospital 

data based on 

Claims data

Age-sex 

splitting

Dismod-MR 2.1

Prevalence and 

incidence of of 

acute myocardial 

infarction first 

two days

Prevalence and 

incidence of 

acute myocardial 

infarction 3 to 28 

days

Severity 

splits

Excess mortality

(transformed 30-

day case fatality)

Calculation of 30-

day survivors

30-day AMI 

survivors
Dismod-MR 2.1

Prevalence of ischemic heart 

disease following myocardial 

infarction

Adjust to avoid 

double-counting
1) Heart failure due to IHD

2) Angina due to IHD

Prevalence of asymptomatic 

ischemic heart disease following 

myocardial infarction

Survey Data

Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by location/

year/age/sex for 

Angina due to 

ischemic heart 

disease

Claims data に 
inpatient visits

Study-level covariates
1) Claims data, YR 2000

2) RAQ, female, <50

3) RAQ, male, <50

4) RAQ, female, 50-64

5) RAQ, male, 50-64

6) RAQ, female, 65+

7) RAQ, male, 65+

Age-sex 

splitting
Claims data に 

outpatient visits

Surveillance

Location-level covariates

1) SEV for IHD

Nonfatal 

database

Survey Data

Location-level covariates
1) SEV for IHD

2) lnLDI

 

Input data ProcessResultsDatabase

Cause of death Nonfatal Disability weights

Burden estimation Covariates

 

Input data and methodological summary 

 

  

335



Case definition 

Case definitions: 

1) Acute myocardial infarction (MI): Definite and possible MI according to the third universal 

definition of myocardial infarction: 

a. When there is clinical evidence of myocardial necrosis in a clinical setting consistent with 

myocardial ischaemia or  

b. Detection of a rise and/or fall of cardiac biomarker values and with at least one of the 

following: i) symptoms of ischaemia, ii) new or presumed new ST-segment-T wave 

changes or new left bundle branch block, iii) development of pathological Q waves in the 

ECG, iv) imaging evidence of new loss of viable myocardium or new regional wall motion 

abnormality, or v) identification of an intracoronary thrombus by angiography or autopsy. 

c. Sudden (abrupt) unexplained cardiac death, involving cardiac arrest or no evidence of a 

non-coronary cause of death 

d. Prevalent MI is considered to last from the onset of the event to 28 days after the event 

and is divided into an acute phase (0に2 days) and subacute (3に28 days). 

 

2) Chronic IHD 

a. Angina; clinically diagnosed stable exertional angina pectoris or definite angina pectoris 

according to the Rose Angina Questionnaire, physician diagnosis, or taking nitrate 

medication for the relief of chest pain. 

b. Asymptomatic ischaemic heart disease following myocardial infarction; survival to 28 

days following incident MI. The GBD study does not use estimates based on ECG 

evidence for prior MI, due to its limited specificity and sensitivity (1). 

 

ICD codes used for inclusion of hospital and claims data for MI and angina can be found in Methods 

Appendix Table 4. 

 

Input data 

 Model inputs 

Myocardial infarction 

A systematic review for myocardial infarction was not performed for GBD 2017. Updates to systematic 

reviews are performed on an ongoing schedule across all GBD causes; an update for myocardial infarction 

will be performed in the next one to two iterations.  

 

A systematic review was done for myocardial infarction for GBD 2015. The search strings used were 

extensive; a full list will be provided on request. 

 

The dates of the search were 1/1/2009 に 2/3/2015. 38,522 studies were returned; 194 were extracted 

(this number includes extractions that were done for STEMI/NSTEMI models and revascularisation models 

that are not currently part of the MI modelling process but may be in the future). 

 

A systematic review for myocardial infarction was also done for GBD 2013. The extensive search terms for 

that review will be provided on request.  
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The table below shows the number of site-years of data included in the estimation process and the 

geographic distribution of the data. 

  
Case fatality 

rate 

Excess 

mortality rate 

Incidence 

Site-years (total) 70 117 520 

Number of countries with data 3 18 41 

Number of GBD regions with data (out of 21 

regions) 

3 8 11 

Number of GBD super-regions with data (out of 

7 super-regions) 

2 4 5 

 

Apart from inpatient hospital and inpatient claims data, we did not include any data from sources other 

than the literature for myocardial infarction. We excluded data with broad age ranges where it was 

impossible to obtain more granular data, as these data caused the known age pattern for increased risk of 

myocardial infarction to be masked in the estimates generated from DisMod. 

 

We included a study-level covariate to correct for the change in diagnostic criteria to include troponin 

measurements within DisMod. This adjustment was applied to data collected before 2000. We also 

included a study-level covariate to adjust data points within DisMod that captured only first-ever MI, 

using studies where all events were included as the reference. We also adjusted estimates within DisMod 

from studies that only included non-fatal cases using study-level covariates with sources that included 

fatal and non-fatal cases as reference. 

 

Asymptomatic ischaemic heart disease following myocardial infarction 

As the main input for this model are 28-day survivors calculated from the excess mortality estimates for 

the myocardial infarction model, a systematic review was not performed for GBD 2017. We included data 

for excess mortality and standardised mortality ratio to inform the estimates of survival after myocardial 

infarction. 

 

The table below shows the number of site-years of data included in the estimation process and the 

geographic distribution of the data. 

  
Excess mortality 

rate 

Standardised 

mortality ratio 

Site-years (total) 32 1 

Number of countries with data 12 1 

Number of GBD regions with data (out of 21 regions) 4 1 

Number of GBD super-regions with data (out of 7 super-

regions) 
7 1 

 

Angina 

 

A systematic review was not performed for GBD 2017. Updates to systematic reviews are performed on 

an ongoing schedule across all GBD causes; an update for angina will be performed in the next one to two 

iterations.  
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A systematic review for angina was last performed for GBD 2013. The search terms for that are: (Angina 

Pectoris/epidemiology[Mesh] OR Angina Pectoris/mortality[Mesh] ) AND (prevalence[Title/Abstract] OR 

incidence[Title/Abstract]) AND ("2010"[Date - Publication] : "3000"[Date - Publication]) 

 

The table below shows the number of site-years of data included in the estimation process and the 

geographic distribution of the data. 

  
Excess 

mortality rate 
Mortality risk Prevalence 

Site-years (total) 7 5 252 

Number of countries with data 0 5 61 

Number of GBD regions with data (out of 21 regions) 0 4 18 

Number of GBD super-regions with data (out of 7 

super-regions) 
7 4 7 

 

We included survey data (including NHANES and World Health Study questionnaires) which included the 

RAQ items. Prevalence of angina was calculated using the standard algorithm to determine whether the 

RAQ was positive or negative. 

 

We excluded data with broad age ranges where it was impossible to obtain more granular data, as these 

data caused the known age pattern for increased risk of angina to be masked in the estimates generated 

from DisMod. 

 

We included sex- and age-group-specific covariates to adjust prevalence data points obtained from the 

RAQ using the claims data as the reference since the RAQ has been shown to be neither sensitive nor 

specific. 

 
We also included US claims data, but did not include inpatient hospital data from any locations. Stable 

angina (unstable angina is modeled as part of MI) is expected to be rare in inpatient but common in 

outpatient data as it is a condition usually managed on an outpatient basis, except for specific surgical 

interventions. This discrepancy leads to implausible correction factors based on inpatient/outpatient 

information from claims data (~150X); thus adjusted data cannot be used. Including uncorrected data in 

the model is likely to lead to incorrect estimates as hospitalisation and procedure rates are likely to vary 

between geographies based on access to and patterns of care. All outpatient data were excluded as they 

were implausibly low for all locations when compared with literature and claims data. 

 

 Severity split inputs 

Acute myocardial infarction was split into two severity levels by length of time since the event に days 1 

and 2 versus days 3 through 28. Disability weights were established for these two severities using the 

standard approach for GBD 2017. 

Asymptomatic ischaemic heart disease following myocardial infarction was all assigned to the 

asymptomatic severity level. No disability weight is assigned to this level. 
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Angina was split into asymptomatic, mild, moderate, and severe groups using information from MEPS. 

Disability weights were established for these severities using the standard approach for GBD 2017. 

 

Acute myocardial infarction 

 

Severity level Lay description DW (95% CI) 

Acute myocardial 

infarction, days 1-2 

Has severe chest pain that becomes worse with 

any physical activity. The person feels 

nauseated, short of breath, and very anxious. 

0.432 (0.288に0.579) 

Acute myocardial 

infarction, days 3-28 

Gets short of breath after heavy physical 

activity, and tires easily, but has no problems 

when at rest. The person has to take medication 

every day and has some anxiety. 

0.074 (0.049に0.105) 

 

Asymptomatic ischaemic heart disease following myocardial infarction 

 

Severity level Lay description DW (95% CI) 

Asymptomatic ischaemic heart disease  N/A 

 

Angina pectoris 

 

Severity level Lay description DW (95% CI) 

Asymptomatic angina  N/A 

Mild angina Has chest pain that occurs with strenuous physical 

activity, such as running or lifting heavy objects. After 

a brief rest, the pain goes away. 

0.033 (0.02に0.052) 

Moderate angina Has chest pain that occurs with moderate physical 

activity, such as walking uphill or more than half a 

kilometer (around a quarter-mile) on level ground. 

After a brief rest, the pain goes away. 

0.08 (0.052に0.113) 

Severe angina Has chest pain that occurs with minimal physical 

activity, such as walking only a short distance. After a 

brief rest, the pain goes away. The person avoids most 

physical activities because of the pain. 

0.167 (0.11に0.24) 

 

Modelling strategy  

 

Myocardial infarction 

 We first calculated custom cause-specific mortality estimates using cause of death data prior to 

garbage code redistribution, generating age-sex-country-specific proportions of IHD deaths that were 

due to MI (acute IHD) versus those due to other causes of IHD (chronic IHD). Estimates of this 

proportion for all locations were then generated using a DisMod proportion-only model. Due to a 

high degree of variability in pre-redistribution coding practices by location, we used the global age-, 

sex-, and year-specific proportions of acute deaths in subsequent calculations. The global proportions 
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were multiplied by post-CoDCorrect (final GBD estimates) IHD deaths to generate CSMR estimates for 

MI, even though GBD reports only deaths for all IHD taken together. These data, along with incidence 

and excess mortality data, informed a DisMod model to estimate the prevalence and incidence of 

myocardial infarction due to ischaemic heart disease. 

 These estimates were split into prevalence and incidence estimates for days 1-2 and days 3-28 post-

event. Disability weights were assigned to each of these two groupings. 

 We set a value prior of one month for remission (11/13) from the MI health state. We also set a value 

prior for the maximum excess mortality rate of 10 for all ages. We included the Healthcare Access 

and Quality (HAQ) Index as a fixed-effect country-level covariate on excess mortality, forcing an 

inverse relationship. 

 

Covariate Parameter Beta Exponentiated beta 

Diagnostic blood sample (troponin) Incidence -0.44 (-0.45 to -0.44) 0.64 (0.64 to 0.64) 

First ever MI Incidence -0.65 (-0.66 to -0.65) 0.52 (0.52 to 0.52) 

Non-fatal MI Incidence -0.40 (-0.41 to -0.40) 0.67 (0.67 to 0.67) 

Healthcare Access and Quality 

(HAQ) Index 

Excess mortality 

rate 
-0.1 (-0.1 to -0.1) 0.90 (0.90 to 0.90) 

Log-transformed age-standardised 

SEV scalar: IHD 

Incidence 
0.75 (0.75 to 0.76) 2.12 (2.12 to 2.14) 

 

Asymptomatic ischaemic heart disease  

 Excess mortality estimates from the myocardial infarction model were used to generate data of the 

incidence of surviving 28 days post-event. 

 We used these data, along with the estimates of CSMR due to chronic IHD (the other part of the 

proportion described in step 1) and excess mortality data in a DisMod model to estimate the 

prevalence of persons with IHD following myocardial infarction. This estimate included subjects with 

angina and heart failure; a proportion of this prevalence was removed in order to avoid double-

counting based on evidence from the literature (2). The result of this step generates estimates of 

asymptomatic ischaemic heart disease following myocardial infarction. 

 We set a value prior of 0 for remission for all ages. 

 We also included the log-transformed, age-standardised SEV scalar for IHD as a fixed effect, country-

level covariate on prevalence and LDI (I$ per capita) as a fixed-effect country-level covariate on 

excess mortality, forcing an inverse relationship for LDI. 

 

Covariate Parameter Beta Exponentiated beta 

LDI (I$ per capita) Excess mortality 

rate 
-0.4 (-0.5 to -0.25) 0.67 (0.61 to 0.78) 

Log-transformed age-standardised 

SEV scalar: IHD 

Incidence 
1.00 (0.75 to 1.25) 2.72 (2.12 to 3.49) 

 

Angina 

 We used prevalence data from the literature and USA claims databases, along with data on mortality 

risk to estimate the prevalence and incidence of angina for all locations. 

 The proportion of mild, moderate, and severe angina was determined by the standard approach for 

severity splitting for GBD 2017. 

 We included a value prior of 0 for remission for all ages. We also included a value prior of 1 for excess 

mortality for all ages. 

340



 We included age- and sex-specific study-level covariates to adjust data points based on RAQ, using 

data points from the claims database as the reference. 

 We also included the log-transformed, age-standardised SEV scalar for IHD as a fixed effect, country-

level covariate on prevalence and LDI (I$ per capita) as a fixed effect, country-level covariate on 

excess mortality, forcing an inverse relationship LDI. 

 

Covariate Parameter Beta Exponentiated beta 

RAQ, female, less than 50 Prevalence 2.34 (2.30 to 2.42) 10.34 (9.98 to 11.20) 

RAQ, male, less than 50 Prevalence 0.94 (0.93 to 0.95) 2.57 (2.52 to 2.59) 

RAQ, female, 50 to 64 Prevalence 1.46 (1.40 to 1.50) 4.33 (4.04 to 4.47) 

RAQ, male, 50 to 64 Prevalence 0.95 (0.86 to 1.00) 2.58 (2.36 to 2.71) 

RAQ, female, 65 plus Prevalence 0.29 (0.27 to 0.30) 1.34 (1.32 to 1.35) 

RAQ, male, 65 plus Prevalence 0.27 (0.20 to 0.30) 1.31 (1.22 to 1.35) 

Log-transformed age-

standardised SEV scalar: IHD 

Prevalence 1.18 (1.10 to 1.24) 3.25 (3.00 to 3.47) 

LDI (I$ per capita) Excess mortality rate -0.55 (-1 to -0.1) 0.58 (0.37 to 0.90) 

 

There have been no substantive changes in the modelling strategy for myocardial infarction, 

asymptomatic ischaemic heart disease following myocardial infarction, and angina from GBD 2016. 
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I aemic Stroke, Intracerebral Haemorrhage, and Subarachnoid 

Haemorrhage 
 

Flowchart 

Comorbidity correction (COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Unadjusted YLD by 

sequela

Disability weights 

for each sequela

Ischemic Stroke

First ever acute 

ischemic stroke 

estimates

Chronic ischemic 

stroke estimates

Literature data Survey data

Ischemic stroke 

deaths 

(CodCorrect)

First ever acute 

ischemic stroke w/

CSMR estimates

Chronic ischemic 

stroke w/CSMR 

estimates

Literature data

Inpatient hospital 

data

Survey data

Ratio of 

Acute:Chronic CSMR

Severity splits 

(acute)

Prevalence of acute 

ischemic stroke, 

severity level 3

Scaled DisMod 

proportion models 

(acute)

28-day Rankin Scores 

from Literature

Prevalence of acute 

ischemic stroke, 

severity level 4

Prevalence of acute 

ischemic stroke, 

severity level 5

Prevalence of acute 

ischemic stroke, 

severity level 2

Prevalence of acute 

ischemic stroke, 

severity level 1

Severity splits

(chronic)

Prevalence of chronic 

ischemic stroke, 

severity level 3

Scaled DisMod 

proportion models 

(chronic)

1 year Rankin Scores 

from Literature

Prevalence of chronic 

ischemic stroke, 

severity level 4

Prevalence of chronic 

ischemic stroke, 

severity level 5

Prevalence of chronic 

ischemic stroke, 

severity level 2

Prevalence of chronic 

ischemic stroke, 

severity level 1

Age-sex 

splitting

28-day survivorship 

from excess 

mortality * 

incidence

Age-sex 

splitting

Split non-subtype 

specific survey 

data

Split non-subtype 

specific survey 

data

28-day survivorship 

from excess 

mortality * 

incidence

28-day survivors 

from acute model

Chronic 

ischemic 

CSMR

Acute 

ischemic 

CSMR

Prevalence of 

asymptomatic 

chronic ischemic 

stroke

Study-level covariates

Incidence: 
1) First ever acute stroke

2) Any stroke

Excess Mortality
1) First ever acute stroke

2) Any stroke 

Location-level covariates
1) ln(LDI)

2) SEV for Ischemic Stroke

Nonfatal 

database

Dismod-MR 2.1
Location-level covariates

1) ln(LDI)

2) SEV for Ischemic Stroke

Nonfatal 

database

Dismod-MR 2.1

Nonfatal 

database
Dismod-MR 2.1

Nonfatal 

database
Dismod-MR 2.1

Study-level covariates

Incidence: 
1) First ever acute stroke

2) Any stroke

3) Hospital data

Excess Mortality
1) First ever acute stroke

2) Any stroke 

Location-level covariates
1) ln(LDI)

2) SEV for Ischemic Stroke

Location-level covariates
1) ln(LDI)

2) SEV for Ischemic Stroke

28-day survivors 

from acute model

Intracerebral hemorrhage (ICH)

First ever acute 

ICH estimates

Chronic ICH 

estimates

Literature data Survey data

ICH deaths 

(CodCorrect)

First ever acute 

ICH w/CSMR 

estimates

Chronic ICH w/

CSMR estimates

Literature data

Inpatient hospital 

data

Survey data

Ratio of 

Acute:Chronic CSMR

Severity splits 

(acute)

Prevalence of acute 

ICH, severity level 3

Scaled DisMod 

proportion models 

(acute)

28-day Rankin Scores 

from Literature

Prevalence of acute 

ICH, severity level 4

Prevalence of acute 

ICH, severity level 5

Prevalence of acute 

ICH, severity level 2

Prevalence of acute 

ICH, severity level 1

Severity splits

(chronic)

Prevalence of chronic 

ICH, severity level 3

Scaled DisMod 
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(chronic)

1 year Rankin Scores 

from Literature

Prevalence of chronic 

ICH, severity level 4

Prevalence of chronic 

ICH, severity level 5

Prevalence of chronic 

ICH, severity level 2

Prevalence of chronic 

ICH, severity level 1

Age-sex 

splitting

28-day survivorship 

from excess 

mortality * 

incidence

Age-sex 

splitting

Split non-subtype 

specific survey 

data

Split non-subtype 

specific survey 

data

28-day survivorship 

from excess 

mortality * 

incidence

28-day survivors 

from acute model

Chronic ICH 

CSMR

Acute ICH 

CSMR

Prevalence of 

asymptomatic 

chronic ICH

Study-level covariates

Incidence: 
1) First ever acute stroke

2) Any stroke

Excess Mortality
1) First ever acute stroke

2) Any stroke 

Location-level covariates
1) ln(LDI)

2) SEV for ICH

Nonfatal 

database

Dismod-MR 2.1
Location-level covariates

1) ln(LDI)

2) SEV for ICH

Nonfatal 

database

Dismod-MR 2.1

Nonfatal 

database
Dismod-MR 2.1

Nonfatal 

database
Dismod-MR 2.1

Study-level covariates

Incidence: 
1) First ever acute stroke

2)  Hospital data

3) Any stroke

Excess Mortality
1) First ever acute stroke

2) Any stroke 

Location-level covariates
1) ln(LDI)

2) SEV for ICH

Location-level covariates
1) ln(LDI)

2) SEV for ICH

28-day survivors 

from acute model

First ever acute 

SAH estimates

Chronic SAH 

estimates

Literature data Survey data

SAH deaths 

(CodCorrect)

First ever acute 

SAH w/CSMR 

estimates

Chronic SAH w/

CSMR estimates

Literature data

Inpatient hospital 

data

Survey data
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Acute:Chronic CSMR

Severity splits 

(acute)

Prevalence of acute 

SAH, severity level 3

Scaled DisMod 

proportion models 

(acute)

28-day Rankin Scores 

from Literature

Prevalence of acute 

SAH, severity level 4

Prevalence of acute 

SAH, severity level 5

Prevalence of acute 

SAH, severity level 2

Prevalence of acute 

SAH, severity level 1

Severity splits

(chronic)

Prevalence of chronic 

SAH, severity level 3

Scaled DisMod 

proportion models 

(chronic)

1 year Rankin Scores 

from Literature

Prevalence of chronic 

SAH, severity level 4

Prevalence of chronic 

SAH, severity level 5

Prevalence of chronic 

SAH, severity level 2

Prevalence of chronic 

SAH, severity level 1

Age-sex 

splitting

28-day survivorship 

from excess 

mortality * 

incidence

Age-sex 

splitting

Split non-subtype 

specific survey 

data

Split non-subtype 

specific survey 

data

28-day survivorship 

from excess 

mortality * 

incidence

28-day survivors 

from acute model

Chronic SAH 

CSMR

Acute SAH 

CSMR

Prevalence of 

asymptomatic 

chronic SAH

Study-level covariates

Incidence: 
1) First ever acute stroke

Excess Mortality
1) First ever acute stroke

2) Any stroke 

Location-level covariates
1) ln(LDI)

2) Mean systolic b lood pressure

Nonfatal 

database
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28-day survivors 

from acute model

Subarachnoid hemorrhage (SAH)
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Input data and methodological summary 

Case definition 
Stroke was defined according to WHO criteria に rapidly developing clinical signs of focal (at times global) 

disturbance of cerebral function lasting more than 24 hours or leading to death with no apparent cause 

other than that of vascular origin (1). Data on transient ischaemic attack (TIA) were not included. 

 

Acute stroke: Stroke cases are considered acute from the day of incidence of a first-ever stroke through 

day 28 following the event. 

 

Chronic stroke: Stroke cases are considered chronic beginning 28 days following the occurrence of an 

event. Chronic stroke includes the sequelae of an acute stroke AND all recurrent stroke events. GBD 2015 

adopts this broader definition of chronic stroke than was used in prior iterations in order to model acute 

strokes using only first-ever incident events.  

 

Ischaemic stroke: an episode of neurological dysfunction caused by focal cerebral, spinal, or retinal 

infarction 

 

Intracerebral haemorrhage: a focal collection of blood within the brain parenchyma or ventricular system 

that is not caused by trauma 

 

Subarachnoid haemorrhage: bleeding into the subarachnoid space (the space between the arachnoid 

membrane and the pia mater of the brain or spinal cord) 

 

ICD codes used for inclusion of hospital and claims data can be found in Appendix Table 4. 

 

Input data 
Model inputs 

A systematic review was performed for GBD 2017. Search terms, dates of search, and databases queried 

follow: 

1) Ischaemic stroke 

a. GﾗﾗｪﾉW ゲIｴﾗﾉ;ヴぎ ふゎｷゲIｴWﾏｷI ゲデヴﾗﾆWゎ O‘ さIWヴWHヴ;ﾉ ｷﾐa;ヴIデｷﾗﾐざ O‘ さｷゲIｴ;WﾏｷI ゲデヴﾗﾆWざぶ AND 
(incidence OR prevalence OR mortality OR epidemiology). Reviewed first 1000 hits, 

sorted by relevance 

b. GﾉﾗH;ﾉ IﾐSW┝ MWSｷI┌ゲ ゲW;ヴIｴぎ ふデ┘ぎふゎｷゲIｴWﾏｷI ゲデヴﾗﾆWゎぶ O‘ デ┘ぎふさIWヴWHヴ;ﾉ ｷﾐa;ヴIデｷﾗﾐざ O‘ 
デ┘ぎふさｷゲIｴ;WﾏｷI ゲデヴﾗﾆWざぶぶ AND ふデ┘ぎふｷﾐIｷSWﾐIWぶ O‘ デ┘ぎふヮヴW┗;ﾉWﾐIWぶ O‘ デ┘ぎふﾏﾗヴデ;ﾉｷデ┞ぶ O‘ 
tw:(epidemiology)) AND NOT (tw:(rats) OR tw:(mice) OR tw:(dogs) OR tw:(apes) OR 

tw:(monkeys)). Dates of search: 01Jan2010 に 31Aug2017  

2) Intracerebral haemorrhage 

a. GﾗﾗｪﾉW ゲIｴﾗﾉ;ヴぎ ふゎｴWﾏﾗヴヴｴ;ｪｷI ゲデヴﾗﾆWゎ O‘ さｷﾐデヴ;IWヴWHヴ;ﾉ ｴWﾏﾗヴヴｴ;ｪWざ O‘ さｴ;Wﾏﾗヴヴｴ;ｪｷI 
ゲデヴﾗﾆWざ O‘ さｷﾐデヴ;IWヴWHヴ;ﾉ ｴ;Wﾏﾗヴヴｴ;ｪWざぶ AND (incidence OR prevalence OR mortality OR 

epidemiology). Reviewed first 1000 hits, sorted by relevance 

b. GIM ゲW;ヴIｴぎ ふデ┘ぎふゎｷﾐデヴ;IWヴWHヴ;ﾉ ｴWﾏﾗヴヴｴ;ｪWゎぶ O‘ デ┘ぎふさｷﾐデヴ;IWヴWHヴ;ﾉ ｴ;Wﾏﾗヴヴｴ;ｪWざぶ O‘ 
デ┘ぎふさｴWﾏﾗヴヴｴ;ｪｷI ゲデヴﾗﾆWざぶ O‘ デ┘ぎふさｴ;Wﾏﾗヴヴｴ;ｪｷI ゲデヴﾗﾆWざぶぶ AND ふデ┘ぎ(incidence) OR 

tw:(prevalence) OR tw:(mortality) OR tw:(epidemiology)) AND NOT (tw:(rats) OR 

tw:(mice) OR tw:(dogs) OR tw:(apes) OR tw:(monkeys)). Dates of search: 01Jan2010 に 

31Aug2017 

3) Subarachnoid haemorrhage 
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a. Google scholar search: ("subarachnoid hemorrh;ｪWゎ O‘ さゲ┌H;ヴ;IｴﾐﾗｷS ｴ;Wﾏﾗヴヴｴ;ｪWざぶ 
AND (incidence OR prevalence OR mortality OR epidemiology). Reviewed first 1000 hits, 

sorted by relevance. 

b. GIM ゲW;ヴIｴぎ ふデ┘ぎふゎゲ┌H;ヴ;IｴﾐﾗｷS ｴWﾏﾗヴヴｴ;ｪWゎぶ O‘ デ┘ぎふさゲ┌H;ヴ;IｴﾐﾗｷS ｴ;Wﾏﾗヴヴｴ;ｪWざぶぶ 
AND (tw:(incidence) OR tw:(prevalence) OR tw:(mortality) OR tw:(epidemiology)) AND 

NOT (tw:(rats) OR tw:(mice) OR tw:(dogs) OR tw:(apes) OR tw:(monkeys)). Dates of 

search: 01Jan2010 に 31Aug2017 

 

The tables below show the number of site-years and types of data included in the estimation process. 

 

Acute ischaemic stroke  
Case fatality 

rate 

Excess 

mortality 

rate 

Incidence 

Site-years (total) 158 158 428 

Number of countries with data 47 47 62 

Number of GBD regions with data (out of 21 regions) 17 17 17 

Number of GBD super-regions with data (out of 7 

super-regions) 

7 7 7 

 

Acute intracerebral haemorrhage  
Case fatality 

rate 

Excess 

mortality 

rate 

Incidence 

Site-years (total) 148 148 417 

Number of countries with data 41 41 61 

Number of GBD regions with data (out of 21 regions) 16 16 17 

Number of GBD super-regions with data (out of 7 

super-regions) 

7 7 7 

 

 

Acute subarachnoid haemorrhage  
Case fatality 

rate 

Excess 

mortality 

rate 

Incidence 

Site-years (total) 39 106 342 

Number of countries with data 17 28 47 

Number of GBD regions with data (out of 21 regions) 11 13 14 

Number of GBD super-regions with data (out of 7 

super-regions) 

5 6 6 
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Chronic ischaemic stroke  
Prevalence 

Site-years (total) 605 

Number of countries with data 24 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

 
Chronic intracerebral haemorrhage  

Prevalence 

Site-years (total) 605 

Number of countries with data 24 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

 

Chronic subarachnoid haemorrhage  
Prevalence 

Site-years (total) 605 

Number of countries with data 24 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

We included inpatient hospital data, adjusted for readmission and primary to any diagnosis using 

correction factors estimated from US claims data. We excluded data for locations where the data points 

were implausibly low (Vietnam, Philippines, India). In addition, we included unpublished stroke registry 

data for acute ischaemic stroke, acute intracerebral haemorrhage, and acute subarachnoid haemorrhage. 

We also included survey data for chronic stroke. These surveys were identified based on expert opinion 

and review of major survey series focused on world health that included questions regarding self-

reported history of stroke. 

 

As with many models in GBD, the diversity of data sources available means that we needed to adjust 

available data to our preferred or reference case definition (2). For the first-ever acute stroke models we 

used DisMod to estimate the statistical association between measurements taken using different case 

definitions and then used these estimates to adjust the non-referent data points. We included study-level 

covariates to adjust data points for first and recurrent strokes combined, using data for first strokes only 

as reference. We also included study-level covariates to adjust data points that reported all stroke 

subtypes combined, using as reference studies with subtype-specific information. 

  

 Severity split inputs 

The table below illustrates the severity level, lay description, and disability weights for GBD 2017. In 

previous iterations of GBD, severity splits for stroke were based on the standard approach described 

elsewhere (3). For GBD 2016, we undertook a review to identify epidemiologic literature which reported 

the degree of disability at 28 days (for acute stroke) or one year (for chronic stroke) using the modified 

Rankin scale (mRS) and the Mini-Mental State Examination (MMSE) or the Montreal Cognitive 
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Assessment (MoCA). The mRS assesses functional capabilities, while the MMSE and MoCA tests provide 

evaluations of cognitive functioning. We then mapped these measures to the existing GBD categories as 

indicated below. This approach allowed us to include location-specific information and can be updated as 

more data on functional or cognitive status become available. 

 

Acute stroke severity splits  

Severity level Lay description Modified 

Rankin score 

Cognitive 

status 

DW (95% CI) 

Stroke, mild Has some difficulty in moving 

around and some weakness in one 

hand, but is able to walk without 

help. 

1 N/A 0.019 

(0.01に0.032) 

Stroke, moderate Has some difficulty in moving 

around, and in using the hands for 

lifting and holding things, 

dressing, and grooming. 

2, 3 MoCA>=24 

or 

MMSE>=26 

 

0.07 

(0.046に0.099) 

Stroke, moderate 

plus cognition 

problems 

Has some difficulty in moving 

around, in using the hands for 

lifting and holding things, dressing 

and grooming, and in speaking. 

The person is often forgetful and 

confused. 

2, 3 MoCA<24 

or 

MMSE<26 

0.316 (0.206に
0.437) 

Stroke, severe Is confined to bed or a wheelchair, 

has difficulty speaking, and 

depends on others for feeding, 

toileting, and dressing. 

4, 5 MoCA>=24 

or 

MMSE>=26 

0.552 (0.377に
0.707) 

Stroke, severe plus 

cognition 

problems 

Is confined to bed or a wheelchair, 

depends on others for feeding, 

toileting, and dressing, and has 

difficulty speaking, thinking 

clearly, and remembering things. 

 MoCA<24 

or 

MMSE<26 

0.588 (0.411に
0.744) 

 
Chronic stroke severity splits 

Severity level Lay description Modified 

Rankin 

score 

Cognitive 

status 

DW (95% CI) 

Stroke, asymptomatic  0 N/A N/A 

Stroke, long-term 

consequences, mild 

Has some difficulty in moving 

around and some weakness in 

one hand, but is able to walk 

without help. 

1 N/A 0.019 

(0.01に0.032) 

Stroke, long-term 

consequences, 

moderate 

Has some difficulty in moving 

around, and in using the hands 

for lifting and holding things, 

dressing, and grooming. 

2, 3 MoCA>=24 

or 

MMSE>=26 

0.07 

(0.046に0.099) 

Stroke, long-term 

consequences, 

Has some difficulty in moving 

around, in using the hands for 

2, 3 MoCA<24 or 

MMSE<26 

0.316 

(0.206に0.437) 
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moderate plus 

cognition problems 

lifting and holding things, 

dressing and grooming, and in 

speaking. The person is often 

forgetful and confused. 

Stroke, long-term 

consequences, severe 

Is confined to bed or a 

wheelchair, has difficulty 

speaking, and depends on 

others for feeding, toileting, 

and dressing. 

4, 5 MoCA>=24 

or 

MMSE>=26 

0.552 

(0.377に0.707) 

Stroke, long-term 

consequences, severe 

plus cognition 

problems 

Is confined to bed or a 

wheelchair, depends on others 

for feeding, toileting, and 

dressing, and has difficulty 

speaking, thinking clearly, and 

remembering things. 

4, 5 MoCA<24 or 

MMSE<26 

0.588 

(0.411に0.744) 

 
The table below shows the number of site-years and types of data included in the estimation process. 

  
Acute 

proportion 

Chronic 

proportion 

Site-years (total) 9 16 

Number of countries with data 6 13 

Number of GBD regions with data (out of 21 regions) 6 7 

Number of GBD super-regions with data (out of 7 super-regions) 4 5 

 

We used DisMod-MR 2.1, a Bayesian meta-regression tool, to model the six severity levels, with an 

independent proportion model for each. Reports which grouped mRS scores differently than our mapping 

(eg, 0-2) were adjusted in DisMod by estimating the association between these alternate groupings and 

our preferred mappings. These statistical associations were used to adjust data points to the referent 

category as necessary. The six models were scaled such that the sum of the proportions for all levels 

equaled 1.   

 

Modelling strategy  
Three general approaches were employed for all of the components of the stroke modelling process, 

detailed in the table below. 

o Data points were adjusted from nonstandard to standard case definitions using estimates from 

statistical models generated by DisMod for the acute models. Coefficients for these crosswalks can be 

found in the tables for fixed effects located below. 

o The GBD summary exposure values (SEV), which are the relative risk-weighted prevalence of 

exposure, were included as covariates for the ischaemic stroke or intracerebral haemorrhage models 

as appropriate, and a covariate for country income was used as a country-level covariate for both 

models (4). As subarachnoid haemorrhage is new in GBD 2017, the SEV for this cause has not been 

generated. Instead, we included the covariate for mean systolic blood pressure as a country-level 

covariate for incidence in the acute models or prevalence in the chronic models, along with a 

covariate for country income for excess mortality. Coefficients for these covariates can be found in 

the tables for fixed effects located below. 
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o Two versions of each stroke model were run, referred to as step 1 and step 2 models. First, we ran 

the step 1 DisMod-MR models for acute and chronic subtype-specific stroke using only incidence, 

prevalence, and case fatality data as inputs. We then used the ratio of acute:chronic cause-specific 

mortality estimated by these models to divide GBD stroke deaths into acute and chronic stroke 

deaths, using the global average for the proportion of acute:chronic stroke mortality. The acute and 

chronic models were then run (step 2) using the same incidence, prevalence, and case fatality data as 

well as the custom cause-specific mortality rates as input data. 

 

Step 1 

 We generated estimates for first-ever acute ischaemic stroke, first-ever acute intracerebral 

haemorrhage, and first-ever acute subarachnoid haemorrhage using DisMod-MR 2.1 with 

data collected on stroke incidence and excess mortality. We set value priors of 11 to 13 on 

remission for all ages to establish a one-month duration for these acute sequelae. 

 We then calculated the rate of surviving until 28 days after an acute event for all three 

subtypes using the modelled estimates of excess mortality and incidence. 

 These survivor data were used in the chronic subtype-specific models as incidence inputs. 

 We then ran the chronic stroke models, using the survivor incidence data and excess 

mortality data. Non-subtype-specific prevalence data were split into ischaemic stroke, 

intracerebral haemorrhage, and subarachnoid haemorrhage components using the ratio of 

28-day survivors from the first-stage acute models.  

 We set a value prior of 0 on remission for all ages. 

 Implausible or extreme outliers in input data were dropped from these estimation results. 

 From these six models, we generated the proportions of deaths due to acute ischaemic 

stroke, chronic ischaemic stroke, acute intracerebral haemorrhage, chronic intracerebral 

haemorrhage, acute subarachnoid haemorrhage, and chronic subarachnoid haemorrhage, 

and split the post-CoDCorrect subtype-specific stroke deaths generated from the GBD 

mortality estimates into these six parts, by multiplying the location-, sex-, age- and year-

specific CSMR results by the global proportions estimated from the DisMod models. Thus, the 

mortality rates due to acute ischaemic stroke, chronic ischaemic stroke, acute intracerebral 

haemorrhage, chronic intracerebral haemorrhage, acute subarachnoid haemorrhage, and 

chronic subarachnoid haemorrhage are driven by all available data on incidence, prevalence, 

and excess mortality data for stroke. These CSMR estimates were then uploaded into the 

non-fatal database and used as inputs for models in Step 2.  

Step 2 

 We re-ran the first-ever acute subtype-specific models with CSMR as derived from 

CoDCorrect and epidemiological data as described above. Twenty-eight-day survivorship was 

recalculated from these models and uploaded into the chronic subtype-specific with CSMR 

models. These chronic models also use CSMR as derived from CoDCorrect and 

epidemiological data as described above. 

 

Models were evaluated based on expert opinion, comparison with previous iterations, and model fit. 

 

Changes in the modelling of stroke for GBD  
For GBD 2017, we separated haemorrhagic stroke into intracerebral haemorrhage and subarachnoid 

haemorrhage, generating estimates for each subtype separately. The same two-step approach was used 

for all three subtypes. Other than this change, there have been no substantive changes to the modeling 

process.  
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The tables below indicate the covariates used by cause in the estimation process, as well as the beta and 

exponentiated beta values.  

Step 1:  

Cause Variable name Measure beta Exponentiated beta 

Chronic ischaemic stroke Log-transformed SEV 

scalar: Isch Stroke 

Prevalence 0.75 (0.75 to 0.75) 2.12 (2.12 to 2.12) 

Chronic ischaemic stroke LDI (I$ per capita) Excess 

mortality rate 

 -0.11 ( -0.13 to -0.1) 
 

0.90 (0.88 to 0.90) 

 

Chronic intracerebral 

haemorrhage 

Log-transformed SEV 

scalar: Hem Stroke 

Prevalence 0.75 (0.75 to 0.76) 2.12 (2.12 to 2.14) 

Chronic intracerebral 

haemorrhage 

LDI (I$ per capita) Excess 

mortality rate 

-0.11 (-0.15 to -0.1) 0.89 (0.86 to 0.90) 

Chronic subarachnoid 

haemorrhage 

LDI (I$ per capita) Excess 

mortality rate 

-0.13 (-0.21 to -0.1) 0.88 (0.81 to 0.90) 

First ever acute 

intracerebral 

haemorrhage 

Hospital data Incidence -0.25 (-0.26 to -0.25) 0.78 (0.77 to 0.78) 

First ever acute 

intracerebral 

haemorrhage 

Any stroke Incidence 1.61 (1.60 to 1.61) 4.99 (4.96 to 5.00) 

First ever acute 

intracerebral 

haemorrhage 

First-ever acute stroke, 

ischaemic or 

haemorrhagic 

Incidence 0.53 (0.52 to 0.54) 1.69 (1.68 to 1.71) 

First ever acute 

intracerebral 

haemorrhage 

Log-transformed age-

standardised SEV scalar: 

haemorrhagic stroke 

Incidence 0.77 (0.75 to 0.80) 2.15 (2.12 to 2.22) 

First ever acute 

intracerebral 

haemorrhage 

Any stroke Excess 

mortality rate 

0.0094 

(0.000077 to 0.033) 

1.01 (1.00 to 1.03) 

First ever acute 

intracerebral 

haemorrhage 

First-ever acute stroke, 

ischaemic or 

haemorrhagic 

Excess 

mortality rate 

0.19 (0.066 to 0.33) 1.21 (1.07 to 1.39) 

First ever acute 

intracerebral 

haemorrhage 

LDI (I$ per capita) Excess 

mortality rate 

-0.11 (-0.14 to -0.1) 0.89 (0.87 to 0.90) 
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First ever acute 

subarachnoid 

haemorrhage 

Hospital data Incidence 0.52 (0.52 to 0.53) 1.69 (1.68 to 1.71) 

First ever acute 

subarachnoid 

haemorrhage 

Systolic blood pressure 

(mmHg) 

Incidence 0.062 (0.050 to 0.073) 1.06 (1.05 to 1.08) 

First ever acute 

subarachnoid 

haemorrhage 

First ever acute stroke, 

ischaemic or 

haemorrhagic 

Incidence 0.53 (0.52 to 0.54) 1.70 (1.68 to 1.71) 

First ever acute 

subarachnoid 

haemorrhage 

Aneurysmal 

subarachnoid 

haemorrhage only 

Incidence -0.12 (-0.16 to -0.1) 0.89 (0.86 to 0.90) 

First ever acute 

subarachnoid 

haemorrhage 

LDI (I$ per capita) Excess 

mortality rate 

-0.46 (-0.5 to -0.37) 0.63 (0.61 to 0.69) 

First ever acute 

subarachnoid 

haemorrhage 

First ever acute stroke, 

ischaemic or 

haemorrhagic 

Excess 

mortality rate 

0.36 (0.21 to 0.49) 1.43 (1.24 to 1.63) 

First ever acute 

ischaemic stroke 

Hospital data Incidence 0.36 (0.36 to 0.37) 1.44 (1.43 to 1.45) 

First ever acute 

ischaemic stroke 

Any stroke Incidence 0.33 (0.31 to 0.33) 1.38 (1.37 to 1.39) 

First ever acute 

ischaemic stroke 

First ever acute stroke, 

ischaemic or 

haemorrhagic 

Incidence 0.37 (0.36 to 0.38) 1.44 (1.43 to 1.46) 

First ever acute 

ischaemic stroke 

Log-transformed age-

standardised SEV scalar: 

ischaemic stroke 

Incidence 0.86 (0.76 to 1.01) 2.36 (2.13 to 2.75) 

First ever acute 

ischaemic stroke 

LDI (I$ per capita) Excess 

mortality rate 

-0.11 (-0.13 to -0.1) 0.90 (0.88 to 0.90) 

First ever acute 

ischaemic stroke 

Any stroke Excess 

mortality rate 

0.85 (0.74 to 0.96) 2.35 (2.09 to 2.62) 

First ever acute 

ischaemic stroke 

First ever acute stroke, 

ischaemic or 

haemorrhagic   

Excess 

mortality rate 

0.29 (0.17 to 0.40) 1.33 (1.18 to 1.50) 

 

Step 2:  

Cause Variable name Measure beta Exponentiated beta 

Chronic ischaemic stroke 

with CSMR 

Log-transformed SEV 

scalar: Ischaemic stroke Prevalence 1.13 (1.04 to 1.23) 3.11 (2.83 to 3.42) 

Chronic ischaemic stroke 

with CSMR LDI (I$ per capita) 

Excess mortality 

rate -0.5 (-0.5 to -0.5) 0.61 (0.61 to 0.61) 

Chronic intracerebral 

haemorrhage with CSMR 

Log-transformed SEV 

scalar: Haemorrhagic 

stroke Prevalence 0.76 (0.75 to 0.79) 2.14 (2.12 to 2.21) 

Chronic intracerebral 

haemorrhage with CSMR LDI (I$ per capita) 

Excess mortality 

rate -0.5 (-0.5 to -0.48) 0.61 (0.61 to 0.62) 

First-ever acute 

intracerebral 

haemorrhage with CSMR Hospital data Incidence -0.27 (-0.32 to -0.22) 0.76 (0.72 to 0.80) 
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First-ever acute 

intracerebral 

haemorrhage with CSMR Hospital Inpatient Incidence 0.5 (0.49 to 0.50) 1.65 (1.64 to 1.65) 

First-ever acute 

intracerebral 

haemorrhage with CSMR Any stroke Incidence 1.60 (1.59 to 1.61) 4.98 (4.83 to 5.00) 

First-ever acute  

intracerebral 

haemorrhage with CSMR 

First-ever acute stroke, 

ischaemic or 

haemorrhagic Incidence 0.52 (0.52 to 0.53) 1.69 (1.68 ね 1.71) 

First-ever acute  

intracerebral 

haemorrhage with CSMR 

Log-transformed SEV 

scalar: Hem stroke Incidence 0.76 (0.75 to 0.80) 2.14 (2.12 to 2.22) 

First-ever acute 

intracerebral 

haemorrhage with CSMR Any stroke 

Excess mortality 

rate -0.65 (-0.76 to -0.53) 0.52 (0.47 to 0.59) 

First-ever acute  

intracerebral 

haemorrhage with CSMR 

First-ever acute stroke, 

ischaemic or 

haemorrhagic 

Excess mortality 

rate 

-0.092 

 (-0.11 to -0.0052) 0.91 (0.83 to 0.99) 

First-ever acute  

intracerebral 

haemorrhage with CSMR LDI (I$ per capita) 

Excess mortality 

rate -0.11 ( -0.14 to -0.42) 0.90 (0.87 to 0.90) 

First-ever acute 

subarachnoid 

haemorrhage with CSMR 

First-ever acute stroke, 

ischaemic or 

haemorrhagic Incidence 0.53 (0.52 to 0.54) 1.69 (1.68 to 1.70) 

First-ever acute  

subarachnoid 

haemorrhage with CSMR Any stroke 

Excess mortality 

rate 

0.0050 

(-1.00 to 1.00) 1.01 (0.37 to 2.72) 

First-ever acute  

subarachnoid 

haemorrhage with CSMR 

First-ever acute stroke, 

ischaemic or 

haemorrhagic 

Excess mortality 

rate 1.00 (0.99 to 1.00) 2.71 (2.68 to 2.72) 

First-ever acute  

subarachnoid 

haemorrhage with CSMR LDI (I$ per capita) 

Excess mortality 

rate -0.3 (-0.5 to -0.1) 0.74 (0.61 to 0.90) 

First-ever acute 

subarachnoid 

haemorrhage with CSMR Hospital data Incidence -0.95 (-1.03 to -0.88) 0.39 (0.36 to 0.42) 

First-ever acute 

subarachnoid 

haemorrhage with CSMR Hospital Inpatient Incidence 0.20 (0.20 to 0.20) 1.22 (1.22 to 1.22) 

First-ever acute 

ischaemic stroke with 

CSMR 

First-ever acute stroke, 

ischaemic or 

haemorrhagic Incidence 0.37 (0.36 to 0.38) 1.44 (1.43 to 1.46) 

First-ever acute 

ischaemic stroke with 

CSMR 

Log-transformed age-

standardised SEV scalar: 

Ischaemic stroke Incidence 0.79 (0.75 to 0.84) 2.20 (2.12 to 2.33) 

First-ever acute 

ischaemic stroke with 

CSMR Hospital data Incidence -0.26 (-0.3 to -0.21) 0.77 (0.74 to 0.81) 

First-ever acute 

ischaemic stroke with 

CSMR Hospital Inpatient Incidence 0.30 (0.30 to 0.30) 1.35 (1.34 to 1.35) 
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First-ever acute 

ischaemic stroke with 

CSMR Any stroke Incidence 0.30 (0.29 to 0.32) 1.35 (1.34 to 1.38) 

First-ever acute 

ischaemic stroke with 

CSMR Any stroke 

Excess mortality 

rate 0.98 (0.94 to 1.00) 2.68 (2.56 to 2.72) 

First-ever acute 

ischaemic stroke with 

CSMR 

First-ever acute stroke, 

ischaemic or 

haemorrhagic 

Excess mortality 

rate 0.94 (0.86 to 0.99) 2.55 (2.35 to 2.70) 

First-ever acute 

ischaemic stroke with 

CSMR LDI (I$ per capita) 

Excess mortality 

rate -0.5 (-0.5 to -0.5) 0.61 (0.61 to 0.61) 
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Non-rheumatic valvular heart diseases 

 

Flowchart 

 

Case definitions 

Calcific aortic valve disease 

Calcific aortic valve disease was defined as clinical diagnosis of aortic valve stenosis or regurgitation due 

to progressive calcification of the aortic valve or annulus leading to hemodynamically moderate or 

severe aortic stenosis or regurgitation. Cases were determined by echocardiography. Calcific aortic valve 

disease in the GBD did not include aortic valve disease with an aetiology that was congenital, rheumatic, 

or infectious. Disease due to these aetiologies are modelled in other causes in the GBD. Information on 

unicuspid or bicuspid valves was generally not available and is often unknown in advanced calcific 

disease. Therefore, we included cases of unicuspid or bicuspid valves in our case definition if they 

developed clinically significant aortic stenosis. The criteria for aortic stenosis follow the American Heart 

Association/American College of Cardiology definition of haemodynamically moderate or severe aortic 

stenosis and are listed in Table 1. The criteria for aortic regurgitation follow the American Heart 

Association/American College of Cardiology definition of haemodynamically moderate or severe aortic 

regurgitation and are listed in Table 2. Mild haemodynamic aortic stenosis or regurgitation was not 

included in our case definition because mildly abnormal haemodynamic parameters are difficult to 

differentiate from non-pathological stenosis and/or regurgitation, and are generally not reported in 

population-based studies. 

 

Table 1 

AHA/ACC definitions of aortic stenosis 

M;┝ｷﾏ┌ﾏ ﾃWデ ┗WﾉﾗIｷデ┞ д 3 m/s 
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MW;ﾐ ヮヴWゲゲ┌ヴW ｪヴ;SｷWﾐデ д ヲヰ ﾏﾏHｪ 

 

Table 2 

AHA/ACC definitions of aortic regurgitation 

Central jet mitral regurgitation д 25% of the left ventricular outflow tract 

Vena contracta д 0.3 cm 

Regurgitant volume д 30 mL/beat 

‘Wｪ┌ヴｪｷデ;ﾐデ aヴ;Iデｷﾗﾐ д 30% 

Aﾐｪｷﾗｪヴ;ヮｴ┞ ｪヴ;SW д 2+ 

 

 

 

Degenerative mitral valve disease 

Degenerative mitral valve disease was defined as myxomatous degeneration of the mitral valve leading 

to regurgitation or prolapse. Cases were determined by echocardiography by a physician. Degenerative 

mitral valve disease did not include mitral valve disease with an aetiology that was congenital, 

rheumatic, infectious, traumatic, carcinoid, or functional (ie, secondary to left ventricular remodeling 

due to heart failure from another cause). Mitral valve stenosis was always considered to have a 

rheumatic aetiology and therefore was not included in the definition of degenerative mitral valve 

disease. Degenerative mitral valve disease was restricted to persons at or above the age of 15 in order 

to exclude congenital mitral valve disorders. This age restriction is consistent with other progressive 

cardiovascular diseases modelled in the GBD. The criteria for mitral regurgitation follow the American 

Heart Association/American College of Cardiology definition of haemodynamically progressive or severe 

mitral regurgitation and are listed in Table 3. Mild haemodynamic mitral regurgitation was not included 

in our case definition because mild mitral valve disease cannot be differentiated from nonpathological 

regurgitation and is generally not reported in population-based studies.. 

 

Table 3 

AHA/ACC definitions of mitral regurgitation 

Central jet mitral regurgitation > 20% of the left atrium 

Vena contracta д 0.7 cm 

Regurgitant volume д 60 mL/beat 

‘Wｪ┌ヴｪｷデ;ﾐデ aヴ;Iデｷﾗﾐ д 50% 

Effective regurgitant orifice д 0.4 cm2 

Aﾐｪｷﾗｪヴ;ヮｴ┞ ｪヴ;SW д 2+ 

 

Other non-rheumatic valve disease 

Other non-rheumatic valve disease is a residual category that captures non-rheumatic, non-congenital 

valve disorders of the tricuspid and pulmonary valves. This includes tricuspid regurgitation, tricuspid 

stenosis, pulmonary regurgitation, and pulmonary stenosis. Other non-rheumatic valve disease did not 
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include tricuspid or pulmonary valve disease with an setiology that was congenital, rheumatic, 

infectious, traumatic, carcinoid, or functional (ie, secondary to heart failure due to another cause). 

 

Input data 

Data on the prevalence, incidence, treatment, hsemodynamic severity, and asymptomatic status were 

collected from PubMed using the following search strings on 8/21/2017: 

Calcific aortic valve disease 

("aortic stenosis"[Title/Abstract] OR "aortic regurgitation"[Title/Abstract]) NOT ("Transcatheter Aortic 

Valve Replacement"[MeSH] OR "Transcatheter aortic valve implantation"[KEYWORD]) AND 

(epidemiology[MeSH Major Topic] OR epidemiology[Subheading] OR epidemiology[MeSH Terms] OR 

prevalence[Title/Abstract] OR mortality[Title/Abstract]) NOT (animals[MeSH] NOT humans[MeSH]) AND 

("1980/1/01"[PDAT] : "2017/12/31"[PDAT]) NOT Comment[ptyp] NOT Case Reports[ptyp] 

 

Degenerative mitral valve disease 

("mitral stenosis"[Title/Abstract] OR "mitral regurgitation"[Title/Abstract]) AND ("epidemiology"[MeSH 

Major Topic] OR "epidemiology"[Subheading] OR "epidemiology"[MeSH Terms] OR 

prevalence[Title/Abstract] OR mortality[Title/Abstract]) NOT (animals[MeSH] NOT humans[MeSH]) AND 

("1980/1/01"[PDAT] : "2017/12/31"[PDAT]) NOT Comment[ptyp] NOT Case Reports[ptyp] 

 

We excluded literature that was not representative, included rheumatic, endocarditic, or congenital 

heart disease in its case definition, or included haemodynamically mild valve disease in its case 

definition. We did not run a literature review for さother non-rheumatic valve SｷゲW;ゲWゲざ because we did 

not directly model non-fatal burden due to this cause. 

Data on the prevalence of non-rheumatic valvular heart diseases was also obtained from inpatient 

hospital data. These data were adjusted for multiple visits and non-primary diagnoses. An adjustment to 

capture cases that were not seen inpatient was also done during the modelling process and is described 

below. Hospital data were excluded below age 30 or if the age-series for a given hospital data source 

was implausible. Prevalence data from both inpatient and outpatient hospital claims were used in the 

United States. 

 

Modelling strategy 

For other non-rheumatic valve diseases, we estimated nonfatal burden using the cause of death heart 

failure approach. This method is used for most cardiovascular diseases that cause heart failure and is 

described above. 

In order to estimate non-fatal burden for calcific aortic valve disease and degenerative mitral valve 

disease, we first determined the sequelae and corresponding health states that result from these 

conditions. This information, along with the disability weights applied to each health state, are displayed 

in Table 4. 

355



Table 4: Sequelae, health state lay descriptions, and disability weights 

Sequela 
Health state 

name 
Health state lay description Disability weight 

Asymptomatic non-rheumatic valve 

disease 
Asymptomatic -- 0 

Non-rheumatic valve disease after 

treatment 

Generic 

uncomplicated 

disease: worry 

and daily 

medication 

Has a chronic disease that requires 

medication every day and causes 

some worry but minimal interference 

with daily activities. 

0.049 

(0.031に0.072) 

Mild heart failure due to non-

rheumatic valve disease 

Heart failure, 

mild 

Is short of breath and easily tires 

with moderate physical activity, such 

as walking uphill or more than a 

quarter-mile on level ground. The 

person feels comfortable at rest or 

during activities requiring less effort. 

0.041 

(0.026に0.062) 

Moderate heart failure due to non-

rheumatic valve disease 

Heart failure, 

moderate 

Is short of breath and easily tires 

with minimal physical activity, such 

as walking only a short distance. The 

person feels comfortable at rest but 

avoids moderate activity. 

0.072 

(0.047に0.103) 

Severe heart failure due to non-

rheumatic valve disease 

Heart failure, 

severe 

Is short of breath and feels tired 

when at rest. The person avoids any 

physical activity, for fear of 

worsening the breathing problems. 

0.179 

(0.122に0.251) 

 

To model the burden due to each of the sequela above, we first modelled the overall prevalences of 

haemodynamically moderate and severe calcific aortic valve disease and degenerative mitral valve 

disease. We then estimated the proportion of those with prevalent disease who were 

haemodynamically moderate, assuming that this would approximate the proportion who were 

asymptomatic. We then estimated the proportion of those with symptomatic disease (ie, those with 

haemodynamically severe disease) who were treated. The remaining proportion に those with untreated 

symptomatic disease に was split into three proportions: those with mild, moderate, and severe heart 

failure. All proportions were calculated and converted to population prevalences at the draw level, thus 

propagating uncertainty from each step through to all subsequent steps. Population prevalences for 

each severity are necessary in order to calculate the burden for each severity. Figure 1 visualises this 

framework. Each of these modelling steps is outlined in greater detail below. 
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Figure 1: Modelling framework for calcific aortic valve disease and degenerative mitral valve disease 

 

Prevalence envelope 

We separately modelled the overall prevalences of calcific aortic valve disease and degenerative mitral 

valve disease in DisMod-MR 2.1. We used cause-specific mortality rates from the fatal modelling process 

as inputs. These two models estimate the prevalences of these two valve diseases for each age, sex, 

location, and year. The number of site-years of data points used are reported in Table 5 for CAVD and 

Table 6 for DMVD. 

Table 5: Number of data points used for the CAVD prevalence envelope DisMod model 

 Prevalence Case fatality rate Other 

Site-years (total) 1096 1 5 

Number of countries with 

data 

34 1 4 

Number of GBD regions 

with data (out of 21 

regions) 

9 1 3 

Number of GBD super-

regions with data (out of 7 

super-regions) 

4 1 1 

 

357



Table 6: Number of data points used for the DMVD prevalence envelope DisMod model 

 Prevalence Case fatality rate Other 

Site-years (total) 1096 2 4 

Number of countries with 

data 

29 2 3 

Number of GBD regions 

with data (out of 21 

regions) 

9 2 3 

Number of GBD super-

regions with data (out of 7 

super-regions) 

4 1 1 

 

 

As mentioned above, we needed to adjust inpatient hospital data in order to account for prevalent cases 

that were never seen as inpatients. Additionally, we decided to adjust for USA claims data from the year 

2000, which was determined to have a characteristically different sample than other years of USA claims 

data. We included an indicator variable for hospital data claims data in 2000 as study-level covariates in 

the DisMod models to account for this. However, the compartmental nature of the model prevented 

convergence. We therefore estimated the appropriate coefficients for these two study-level covariates 

outside of DisMod, and then input these coefficients as hard priors in the DisMod models. The out-of-

DisMod regression used to estimate these coefficients was: 健剣訣件建盤検鎚追┸追匪 噺 紅怠 茅 血結兼欠健結 髪 兼件穴欠訣結 髪 紅態 茅 月剣嫌喧件建欠健 髪 紅戴 茅 潔健欠件兼嫌態待待待 髪 紅替 茅 潔健欠件兼嫌 髪 考鎚追 髪 紘追  

Where 検鎚追┸追 is the estimated prevalence of calcific aortic or degenerative mitral valve disease for super-

region 嫌堅 and region 堅, 兼件穴欠訣結 is the midpoint of the age range of a data point, 月剣嫌喧件建欠健 is an indicator 

variable for hospital data, 潔健欠件兼嫌態待待待 is an indicator variable for USA claims data in the year 2000, 潔健欠件兼嫌 is an indicator variable for all claims data, 考鎚追  is a super-region specific random effect, and 紘追  is a 

region-specific random effect. The random effects allow pooling of geographically similar data to 

estimate 紅態 and 紅戴. These two coefficients were passed into DisMod, and their values are reported in 

tables 7 and 8 for calcific aortic valve disease and degenerative mitral valve disease, respectively. All 

other covariates used are also included in these tables. The integrand that used the covariate as well as 

the coefficients are also reported. For calcific aortic valve disease, we initially ran models that included 

mean systolic blood pressure, mean total cholesterol, and mean fasting plasma glucose as country-level 

covariates based on biological plausibility. However, these covariates were not significant and were 

therefore removed from the model. 
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Table 7: Covariates and resulting coefficients for calcific aortic valve disease 

Level Covariate Integrand Coefficients Exponentiated coefficients 

Study-level US claims data, 

year 2000 

Prevalence -0.56 

(-0.57 to -0.56) 

0.57 

(0.56 to 0.57) 

All claims data Prevalence -0.68 

(-0.69 to -0.68) 

0.50 

(0.50 to 0.51) 

Hospital data Prevalence -2.15 

(-2.15 to -2.15) 

0.12 

(0.12 to 0.12) 

Country-

level 

Mean BMI Prevalence 0.088 

(0.068 to 0.12) 

1.09 

(1.07 to 1.13) 

Smoking 

Prevalence 

Prevalence 0.006 

(0.0001 to 0.030) 

1.01 

(1.00 to 1.03) 

HAQ index  

 

Excess mortality rate -0.019 

(-0.025 to -0.017) 

0.98 

(0.98 to 0.98) 

 

Table 7: Covariates and resulting coefficients for degenerative mitral valve disease 

Level Covariate 
Integrand 

Coefficients 
Exponentiated 

coefficients 

Study-level Claims data, 

2000 

Prevalence -0.42 

(-0.45 to -0.39) 

0.66 

(0.64 to 0.68) 

All claims data Prevalence -0.57 

(-0.69 to -0.52) 

.56 

(0.50 to 0.59) 

Hospital data Prevalence -2.11 

(-2.13 to -2.10) 

0.12 

(0.12 to 0.12) 
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Country-

level 

HAQ index Excess mortality rate -1.11 

(-1.39 to に0.77) 

0.33 

(0.25 to 0.46) 

 

Haemodynamically moderate proportion 

We estimated the proportion of individuals with haemodynamically moderate or severe valve disease 

who were haemodynamically moderate. As mentioned above, we assumed that individuals with 

haemodynamically moderate disease were asymptomatic. There were a total of five data sources that 

reported the proportion of individuals who were haemodynamically moderate. Because of the sparsity 

of data, we modelled the haemodynamically moderate proportion together for both calcific aortic valve 

disease and degenerative mitral valve disease. We modelled a proportion with uncertainty that varied 

by age with the following regression: 健剣訣件建岫検岻 噺  紅待 髪 紅怠欠訣結 髪 紘 

Where 検 is the proportion of haemodynamically moderate disease, age is the midpoint age for each 

data point, and 紘 is a random effect for each data source. The regression coefficients are reported in 

Table 9. 

Table 9: Moderate NRVD regression coefficients  

Covariate Coefficients Transformed coefficients 

Intercept (紅待) 6.6 

 (4.9 to 8.4) 

0.998 

 (0.992 to 0.999) 

Age (紅怠) -0.07 

(-.093 to -.047) 

0.932 

(0.911 to 0.954) 

 

The prevalence of those with haemodynamically moderate valve disease and the prevalence of those 

with haemodynamically severe disease were calculated using the prevalence envelope and the 

proportion of those with haemodynamically moderate disease for each five-year age group, sex, 

location, and year. 

Treated proportion 

We estimated the proportion of individuals who had haemodynamically severe disease who had been 

treated. Treatment was defined as valve replacement or repair. We assumed that treatment was not 

performed on any individuals with only haemodynamically moderate disease. The number of data points 

are reported in Table 10.  

Table 10: Data on treated NRVD  

Input data Number of data points 
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Unique sources 23 

Geography-years 35 

These data were all from relatively high-income geographies, yet it is important that we capture the 

difference in treatment between high- and low-income locations. Because of this challenge, we ran a 

regression using the Healthcare Access and Quality (HAQ) index predicting the level of treatment and set 

a prior that the proportion of individuals with a valve replacement or repair was zero where HAQ index 

was equal to zero. This assumption allowed us to estimate an increasing relationship between HAQ 

index and proportion treated, where the estimated proportion treated was based on data where HAQ 

index was high. We used the regression equation: 健剣訣件建岫検岻 噺 糠 髪 紅怠 茅 月欠圏件 髪 紅態 茅 欠訣結 髪 紅戴 茅 嫌結懸結堅件建検 

where 検 is the proportion of individuals with haemodynamically severe disease who had a valve 

replacement or repair, 月欠圏件 is the Healthcare Access and Quality index, 欠訣結 is the midpoint of the age 

range for a given data point, and 嫌結懸結堅件建検 is an indicator variable to adjust for data points where the 

denominator of the proportion treated included both haemodynamically moderate and 

haemodynamically severe individuals. The prevalence of those with treated valve disease and the 

prevalence of those with untreated haemodynamically severe disease were calculated using the 

prevalence of haemodynamically severe disease and the proportion of those with treated valve disease. 

The results of this regression are reported in Table 11 and plotted for three ages in Figure 2. 

Table 11: Treated NRVD regression coefficients  

Covariate Coefficients Transformed coefficients 

Intercept (紅待) -4.69 

(-5.90 to -3.43) 

0.009 

(0.003 to 0.032) 

HAQI (紅怠) 0.080 

(0.070 to 0.089) 

1.083 

(1.073 to 1.093) 

Age (紅態) -0.029 

(-0.04 to -0.015) 

0.971 

(0.957 to 0.985) 

Severity (紅戴) -0.947 

(-1.40 to -0.54) 

0.377 

(0.246 to 0.578) 
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Figure 2: Results of treatment model for three ages 

 

 

Final burden estimation 

The proportions of mild, moderate, and severe heart failure due to valve disease were estimated using 

the heart failure analysis described above. The prevalences of these diseases were estimated using the 

prevalence of haemodynamically severe disease and the corresponding proportion for each severity of 

heart failure. Burden due to each severity of valve disease was estimated by multiplying the prevalence 

of each severity by the corresponding disability weight.  
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Input data and methodological summary 
 

Case definition 

Myocarditis refers to a heterogenous group of diseases with variable clinical and pathological features. 

Acute myocarditis was defined for GBD as the acute and time-limited symptoms of myocarditis separate 

from its chronic heart failure-related sequelae. Heart failure due to myocarditis is estimated separately in 

GBD (see methods for heart failure). Symptoms of acute myocarditis are nonspecific and include a flu-like 

or gastrointestinal syndrome, followed by anginal-type chest pain, arrhythmias, syncope, or heart failure.  

 

A list of the ICD codes included can be found in Methods Appendix Table 4. 

Input data 

Model inputs 

The preferred data sources for acute myocarditis were hospital admission data and other health facility 

data identifying cases of acute myocarditis. 

 

A systematic review was performed for GBD 2013 and updated for GBD 2015. A systematic review was 

not performed for GBD 2017. 

 

The GBD 2015 search terms included: (cardiomyopathy AND epidemiology[MeSH Subheading]) OR 

(myocarditis AND epidemiology[MeSH Subheading]) OR (cardiomyopathy AND (incidence OR prevalence 

O‘ さI;ゲW a;デ;ﾉｷデ┞ざぶぶ O‘ ふﾏ┞ﾗI;ヴSｷデｷゲ AND ふｷﾐIｷSWﾐIW O‘ ヮヴW┗;ﾉWﾐIW O‘ さI;ゲW a;デ;ﾉｷデ┞ざぶぶ 
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 Dates included in search: 1/1/2013 に 3/16/2015 

 Number of initial hits: 3,598 

 Number of sources included: 0 

 

The GBD 2013 search terms included: (hasabstract[text] AND Humans[Mesh] AND middle age[MeSH])) 

OR 21) AND ((cardiomyopathy/epidemiology[Mesh] OR cardiomyopathy/mortality[Mesh]) AND 

(prevalence[Title/Abstract] OR incidence[Title/Abstract]) AND ("2010"[Date - Publication] : "3000"[Date - 

Publication]) AND (hasabstract[text] AND Humans[Mesh] AND middle age[MeSH])) 

 

The table below shows the number of site-years of data included in the estimation process. 

  
Incidence 

Site-years (total) 482 

Number of countries with data 32 

Number of GBD regions with data (out of 21 regions) 12 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

We did not include any non-literature-based data, apart from the hospital and claims data described 

elsewhere. We used inpatient hospital data adjusted for readmission, primary to any diagnosis, and 

inpatient to outpatient utilisation based on correction factors generated using USA claims data. We 

excluded all outpatient data, as they were implausibly low when compared with inpatient data from the 

same locations and with claims data. Inpatient hospital data points that were more than two-fold higher 

or 0.5-fold lower than the median absolute deviation value for high-income North America, Central 

Europe, and Western Europe for that age-sex group were excluded. 

 

Severity splits and disability weights 

 

Severity level Lay description DW (95% CI) 

Acute myocarditis Has a fever and aches, and feels weak, which causes 

some difficulty with daily activities. 

0.051 (0.032に0.074) 

 

Modelling strategy  

For GBD 2017, we estimated myocarditis using a DisMod-MR 2.1 Bayesian meta-regression model, setting 

a minimum of 3 and maximum of 5 as value priors on remission to establish an average duration of three 

months. We set a value prior of 0 for all ages on excess mortality. Country-level covariates used included 

the cardiomyopathy and myocarditis summary exposure variable (SEV) on incidence and the Healthcare 

Access and Quality index (HAQ Index) on excess mortality. 

 

The table below gives the parameters, betas, and exponentiated betas for study-level and country-level 

covariates used in the model 

Study covariate Parameter beta Exponentiated beta 

Healthcare Access and Quality index Excess mortality rate -0.55 (-0.99 to -0.1) 0.58 (0.37 to 0.90) 

Log-transformed age-standardised 

SEV scalar: CMP 

Incidence 0.76 (0.75 to 0.77) 2.13 (2.12 to 2.16) 

 

No substantive changes were made to the modelling approach for GBD 2017. 
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Atrial Fibrillation and Flutter 
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Input data and methodological summary 

Case definition 

Atrial fibrillation is a supraventricular arrhythmia due to disorganised depolarisation of the atrium. Atrial 

flutter is a macro-reentrant supraventricular arrhythmia, usually involving the cavo-tricuspid isthmus. 

Diagnosis requires an ECG demonstrating: 1) irregularly irregular RR intervals (in the absence of complete 
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AV block); 2) no distinct P waves on the surface ECG, and; 3) an atrial cycle length (when visible) that is 

usually variable and less than 200 milliseconds. 

ICD codes used for inclusion of hospital and claims data can be found in Methods Appendix Table 4. 

Input data 

 Model inputs 

We did not perform a systematic review for GBD 2017. A systematic review was performed for GBD 2015 

with the following search terms: ふさ;デヴｷ;ﾉ aｷHヴｷﾉﾉ;デｷﾗﾐざ AND WヮｷSWﾏｷﾗﾉﾗｪ┞ぷMW“H “┌HｴW;Sｷﾐｪへぶ O‘ ふさ;デヴｷ;ﾉ 
aﾉ┌デデWヴざ AND WヮｷSWﾏｷﾗﾉﾗｪ┞ぷMW“H “┌HｴW;Sｷﾐｪへぶ O‘ ふさ;デヴｷ;ﾉ aｷHヴｷﾉﾉ;デｷﾗﾐざ AND ふヮヴW┗;ﾉWﾐIW O‘ ｷﾐIｷSWﾐIW O‘ 
さI;ゲW a;デ;ﾉｷデ┞ざぶぶ O‘ ふさ;デヴｷ;ﾉ aﾉ┌デデWヴざ AND ふヮヴW┗;ﾉWﾐIW O‘ ｷﾐIｷSWﾐIW O‘ さI;ゲW a;デ;ﾉｷデ┞ざぶぶ O‘ ふさｴW;ヴデ ;デヴｷ┌ﾏ 
aｷHヴｷﾉﾉ;デｷﾗﾐざ AND WヮｷSWﾏｷﾗﾉﾗｪ┞ぷMW“H “┌HｴW;Sｷﾐｪへぶ O‘ ふさｴW;ヴデ ;デヴｷ┌ﾏ aｷHヴｷﾉﾉ;デｷﾗﾐざ AND ふヮヴW┗;ﾉWﾐIW O‘ 
ｷﾐIｷSWﾐIW O‘ さI;ゲW a;デ;ﾉｷデ┞ざぶぶ 
 

The dates of the search were 1/1/2013 に 3/15/2016. There were 5,630 studies returned and, of those, 27 

were extracted.  

 

A systematic review was also performed for GBD 2013, with the search terms: (hasabstract[text] AND 

Humans[Mesh] AND middle age[MeSH])) OR 21) AND ((atrial fibrillation/epidemiology[Mesh] OR atrial 

fibrillation/mortality[Mesh]) AND (prevalence[Title/Abstract] OR incidence[Title/Abstract]) AND 

("2010"[Date - Publication] : "3000"[Date - Publication]) AND (hasabstract[text] AND Humans[Mesh] AND 

middle age[MeSH])) 

 

The table below shows the number of site-years of data and data types included in the estimation 

process. 

  
Incidence Mortality 

risk 

Prevalence 

Site-years (total) 19 6 1425 

Number of countries with data 8 5 40 

Number of GBD regions with data (out of 21 regions) 3 5 12 

Number of GBD super-regions with data (out of 7 

super-regions) 

2 3 6 

 

 

Apart from hospital and claims data points on prevalence, no non-literature-based data were included. 

We included hospital data corrected for readmission, primary to any diagnosis, and inpatient to 

outpatient utilisation ratios using adjustment factors calculated from US claims data. We excluded 

hospital data in certain geographies (eg, Philippines, China, India) where the data were implausibly low.  

We also excluded all outpatient administrative data as the values for all locations were implausibly low. 

We included study-level covariates to adjust the claims data from 2010 within DisMod, using as reference 

literature data and the claims data from 2012. 
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 Severity splits & disability weights 

Atrial fibrillation is split into symptomatic and asymptomatic based on standard GBD proportion 

information. The table below includes lay descriptions and disability weights for the severity levels of 

atrial fibrillation: 

Severity level Lay description DW (95% CI) 

Asymptomatic No symptoms N/A 

Symptomatic Has periods of rapid and irregular 

heartbeats and occasional fainting 

0.224 (0.151に0.312) 

 

Modelling strategy  

In order to address changes in coding practices for atrial fibrillation that resulted in an implausible trend 

of increasing death-certificate-based mortality rates, we used a prevalence-based modelling approach 

that combined DisMod-MR and CODEm models to generate estimates for atrial fibrillation and flutter. 

This approach, first used in GBD 2015, allowed us to more generate more accurate estimates, using 

observed prevalence and incidence rates along with modelled excess mortality rates generated from 

prevalence and cause-specific mortality estimates. 

 

The modelling steps are illustrated in the above flowchart. Effect sizes for covariates included in both the 

DisMod-MR 2.1 and CODEm models can be found in the table below.  

 In Step 1, we estimated deaths for atrial fibrillation using a standard CODEm approach. 

 

 In Step 2, we estimated prevalence rates in DisMod-MR 2.1 using data from published reports of 

cross-sectional and cohort surveys, as well as primary care facility data. We also used claims data 

covering inpatient and outpatient visits for the United States along with inpatient hospital data from 

163 locations in 15 countries. For GBD 2017, inpatient hospital data were adjusted using age- and 

sex-specific information from claims data for: 1) readmission within one year; 2) primary diagnosis 

code to secondary codes; and, 3) the ratio of inpatient to outpatient visits. We set priors of no 

remission and capped excess mortality at 0.4 for all ages. We included the Healthcare Access and 

Quality (HAQ) index as a country-level, fixed-effect covariate on excess mortality and the log-

transformed, age-standardised SEV scalar for atrial fibrillation and flutter as a country-level, fixed-

effect covariate on prevalence. 

 

 In Step 3, we calculated the excess mortality rate (EMR) for 2017 (defined as the cause-specific 

mortality rate [CSMR] estimated from CODEm divided by the prevalence rate from DisMod-MR 2.1). 

We then selected 17 countries based on four conditions: 1) ranking of 4 or 5 stars on the system for 

assessing the quality of VR data; 2) prevalence data available from the literature were included in the 

DisMod-MR 2.1 estimationき ンぶ ヮヴW┗;ﾉWﾐIW ヴ;デW д ヰくヰヰヵき ;ﾐSが ヴぶ C“M‘ д ヰくヰヰヰヰヲく Uゲｷﾐｪ ｷﾐaﾗヴﾏ;デｷﾗﾐ 
from these countries as input data, we ran a linear mixed-effects regression of logEMR on sex, age, 

and location. Sex and age were treated as fixed effects for the regression, while location was 

considered a random effect. We then predicted age- and sex-specific EMR using the results of this 

regression for all non-selected countries. Countries included in the regression were assigned their 

directly calculated values. These EMR data points were assigned to the time period 1990に2017 and 

uploaded into the non-fatal database in order to be used in modelling.  
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 In Step 4, we re-ran DisMod-MR using the input data described in Step 2 along with the EMR 

estimated in Step 3. We included log-transformed lagged distributed income (LDI) as a fixed-effect, 

country-level covariate on excess mortality and the log-transformed, age-standardised SEV scalar for 

atrial fibrillation and flutter as a fixed-effect, country-level covariate on prevalence. We also included 

study-level covariates to crosswalk the USA claims data from 2010 to the reference data, which 

included literature data and claims data from 2012. We included a value prior of 0 for remission for 

all ages and set a value prior of 0 for excess mortality for ages 0-30. 

 

The prevalence from the DisMod-MR model in Step 4 was used as the finalised output for upload to 

COMO and further processing into YLDs and DALYs.  

 

Models were evaluated based on expert opinion, comparison with results from previous rounds of GBD, 

and model fit.  

 

The tables below include the study covariates, parameters, betas, and exponentiated betas. 

 

DisMod covariates に Step 2 

Covariate Parameter Beta Exponentiated beta 

All MarketScan, year 2010 Prevalence -0.077 (-0.099 to -0.051) 0.93 (0.91 to 0.95) 

Log-transformed age-

standardised SEV scalar: A Fib 

Prevalence 0.75 (0.75 to 0.75) 2.12 (2.12 to 2.12) 

Healthcare Access and 

Quality Index 

Excess mortality rate -0.11 (-0.13 to -0.088) 0.90 (0.88 to 0.92) 

 

DisMod Covariates に Step 4 

Covariate Parameter Beta Exponentiated beta 

All MarketScan, year 2010 Prevalence 0.017 (-0.013 to 0.040) 1.02 (0.99 to 1.04) 

Log-transformed age-

standardised SEV scalar: A Fib 

Prevalence 0.75 (0.75 to 0.75) 2.12 (2.12 to 2.12) 

LDI (I$ per capita) Excess mortality rate -0.1 (-0.1 to -0.1) 0.90 (0.90 to 0.90) 

 

No substantive changes were made to the modelling strategy for GBD 2017. 
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Input data and methodological appendix 

 

Case definition 

For GBD 2017, peripheral arterial disease was defined as having an ankle-brachial index (ABI) <0.9. 

Intermittent claudication was defined clinically.  

Specific ICD codes for claims data included can be found in Methods Appendix Table 4. 

Input data 

 Model inputs 

We did not perform a systematic review for GBD 2017. 

 

A systematic review was performed for peripheral arterial disease and intermittent claudication for GBD 

2015. The search terms were: ('peripheral vascular disease'[TIAB] AND 'epidemiology'[Subheading]) OR   

('peripheral arterial disease'[TIAB] AND 'epidemiology'[Subheading]) OR  ('peripheral artery disease'[TIAB] 

AND 'epidemiology'[Subheading]) OR  ('intermittent claudication'[TIAB] AND 'epidemiology'[Subheading]) 

OR   ('ankle-brachial index'[TIAB] AND 'epidemiology'[Subheading]) OR   ('ankle brachial index'[TIAB] AND 
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'epidemiology'[Subheading]) OR   ('peripheral artery occlusive disease'[TIAB] AND 

'epidemiology'[Subheading]) OR ('peripheral obliterative arteriopathy'[TIAB] AND 

'epidemiology'[Subheading]) OR ('peripheral vascular disease'[TIAB] AND 'prevalence'[MeSH Terms]) OR   

('peripheral vascular disease'[TIAB] AND 'incidence'[MeSH Terms]) OR   ('peripheral vascular 

disease'[TIAB] AND 'case fatality'[All Fields]) OR ('symptomatic claudication'[TIAB] AND (proportion[All 

Fields] OR percent[All Fields])) 

 

The search was conducted from 1/1/2013 to 3/16/2015. 1,658 results were returned, of which six were 

extracted.  

 

A systematic review was also performed for peripheral arterial disease and intermittent claudication for 

GBD 2013. Search terms can be provided upon request.  

 

The table below shows the number of literature studies included in GBD 2017, as well as the number of 

countries or subnational units and GBD world regions represented. 

 

Peripheral arterial disease  
Case 

fatality 

rate 

Excess 

mortality 

rate 

Incidence 
Mortality 

risk 
Prevalence 

Site-years (total) 3 1 3 19 443 

Number of countries with 

data 
3 1 3 11 15 

Number of GBD regions with 

data (out of 21 regions) 
3 1 2 7 8 

Number of GBD super-regions 

with data (out of 7 super-

regions) 

2 1 1 5 5 

 

 

Proportion with intermittent claudication  
Proportion 

Site-years (total) 9 

Number of countries with data 4 

Number of GBD regions with data (out of 21 regions) 3 

Number of GBD super-regions with data (out of 7 super-regions) 2 

 

Apart from the claims data from the United States and primary care data from Norway, we did not 

include any non-literature-based data types. We did not use inpatient hospital data, as peripheral arterial 

disease is expected to be rare in inpatient data but common in outpatient data as it is a condition usually 

managed on an outpatient basis, except for specific surgical interventions. This discrepancy leads to 

implausible correction factors based on inpatient/outpatient information from claims data (~150X); thus 

adjusted data cannot be used. Including uncorrected data in the model is likely to lead to incorrect 

estimates as hospitalisation and procedure rates are likely to vary between geographies based on access 

to and patterns of care.  

Outpatient data were not included as the rates were implausibly low for all locations. 
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 Severity splits and disability weights 

We used the proportion of intermittent claudication to split the overall prevalence of peripheral arterial 

disease into symptomatic and asymptomatic peripheral vascular disease. The table below illustrates these 

values: 

Severity level Lay description DW (95% CI) 

Asymptomatic No symptoms No DW assigned 

Symptomatic Has cramping pains in the legs after walking a medium 

distance. The pain goes away after a short rest. 

0.014 (0.007に0.025) 

 

Modelling strategy  

For GBD 2017, we used DisMod MR 2.1 to model the overall prevalence of peripheral arterial disease 

using prevalence data from literature studies and claims data.  

We corrected US claims data outside of DisMod, using as reference literature reports of prevalence. Using 

as a model the adjustment factors developed to translate tobacco consumption prevalence to tobacco 

consumption frequency, we matched administrative claims data to population-based literature data 

based on age group, sex, and super-region (1). For the adjustment factor, we developed the following 

generalised additive model on matched data ln盤航追勅捗┸沈匪 噺  紅待 髪 紅怠 ln盤航長┸沈匪 髪 嫌岫欠訣結沈岻髪綱沈 
Where 件 represents a given matched observation, 欠訣結 ゲｷｪﾐｷaｷWゲ デｴW S;デ; ヮﾗｷﾐデげゲ ;ｪW ｪヴﾗ┌ヮが 嫌岫捲岻 

represents a penalised spline where the smoothing parameter is chosen through cross-validation and 航追勅捗 and 航長 denote the mean of the data point from literature and the mean of the claims data point, 

respectively. Predictions from the model were then taken as the adjusted data points. The standard error 

of each corrected data point was adjusted to account for the uncertainty due to the correction. 

We included a study-level covariate in DisMod to adjust primary care data from Norway. We also included 

the log-transformed, age-standardised SEV scalar for PAD and log-transformed LDI as fixed-effect, 

country-level covariates. We set value priors of 0 for incidence from ages 0 to 30. We also set a value 

prior of 0 for remission for all ages. Finally, we set a value prior of a maximum value of 0.25 on excess 

mortality for all ages.  

 

The table below illustrates the study covariates, parameters, beta, and exponentiated beta values for the 

overall peripheral vascular disease model. 

 

Covariate Parameter Beta Exponentiated beta 

Log-transformed age-

standardised SEV scalar: PVD 

Prevalence 1.20 (1.10 to 1.25) 3.34 (2.99 to 3.49) 

LDI (I$ per capita) Excess mortality rate -0.3 (-0.5 to -0.1) 0.74 (0.61 to 0.90) 

ICPC data (Norway) Prevalence -2 (-2 to -1.99) 0.14 (0.14 to 0.14) 

 

  

371



We used DisMod MR-2.1 to model the proportion of peripheral vascular disease with intermittent 

claudication. We set a value prior of 0 for proportion for ages 0 to 40. 

 

Covariate Parameter Beta Exponentiated beta 

Healthcare Access and Quality 

index 

Proportion -0.0072 (-0.023 to -0.00025) 0.99 (0.98に1.00) 

 

 

To obtain final estimates for the sequelae of interest, we multiplied the prevalence model by the 

proportion model at the draw level to generate the prevalence of symptomatic and asymptomatic 

peripheral vascular disease. 

  

Models were evaluated based on expert review, comparisons with estimates from prior rounds of GBD, 

and assessing model fit.  

 

There have been no substantive changes from GBD 2016 in terms of modelling strategy for peripheral 

arterial disease. 

 

1. Reitsma, Marissa B., et al. さSmoking prevalence and attributable disease burden in 195 countries 

and territories, 1990に2015: a systematic analysis from the Global Burden of Disease Study 2015.ざ 

The Lancet. 
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Input data and methodological appendix 

 

Case definition 

Our case definition for acute endocarditis was a clinical diagnosis of infective endocarditis. The ICD codes 

included can be found in Methods Appendix Table 4. 

 

Input data 

Model inputs 

A systematic review was performed for GBD 2013 and updated for GBD 2015. We did not perform a 

systematic review for GBD 2017. The following search terms were used: ((けWﾐSﾗI;ヴSｷデｷゲげ[MeSH Terms] OR 

けWﾐSﾗI;ヴSｷデｷゲげ[All Fields]) AND けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[Subheading]) OR ((けWﾐSﾗI;ヴSｷデｷゲげ[MeSH Terms] OR 

けWﾐSﾗI;ヴSｷデｷゲげ[All Fields]) AND ((けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[Subheading] OR けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[All Fields] OR 

けｷﾐIｷSWﾐIWげ[All Fields] OR けｷﾐIｷSWﾐIWげ[MeSH Terms]) OR (けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[Subheading] OR けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[All 

Fields] OR けヮヴW┗;ﾉWﾐIWげ[All Fields] OR けヮヴW┗;ﾉWﾐIWげ[MeSH Terms]) OR けI;ゲW a;デ;ﾉｷデ┞げ[All Fields])) OR 

((けWﾐSﾗI;ヴSｷ┌ﾏげ[MeSH Terms] OR けWﾐSﾗI;ヴSｷ┌ﾏげ[All Fields]) AND inflammation[TIAB] AND 

けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[Subheading]) OR ((けWﾐSﾗI;ヴSｷ┌ﾏげ[MeSH Terms] OR けWﾐSﾗI;ヴSｷ┌ﾏげ[All Fields]) AND 

inflammation[TIAB] AND ((けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[Subheading] OR けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[All Fields] OR けｷﾐIｷSWﾐIWげ[All 
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Fields] OR けｷﾐIｷSWﾐIWげ[MeSH Terms]) OR (けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[Subheading] OR けWヮｷSWﾏｷﾗﾉﾗｪ┞げ[All Fields] OR 

けヮヴW┗;ﾉWﾐIWげ[All Fields] OR けヮヴW┗;ﾉWﾐIWげ[MeSH Terms]) OR けI;ゲW a;デ;ﾉｷデ┞げ[All Fields])) 

 

 Dates included in search: 1/1/2013 に 3/16/2015 

 Number of initial hits: 1,246 

 Number of sources included: 6 

 

The table below shows the number of site-years of data included in GBD 2017, as well as the number of 

countries or subnational units and GBD world regions represented. 

  
Case fatality 

rate 

Excess 

mortality rate 
Incidence 

Site-years (total) 7 1 620 

Number of countries with data 5 1 37 

Number of GBD regions with data (out of 21 regions) 3 1 12 

Number of GBD super-regions with data (out of 7 

super-regions) 
2 1 5 

 

 

We did not include any non-literature-based data types, apart from the hospital and claims data 

described elsewhere. We excluded all outpatient data, as they were implausibly low when compared with 

inpatient data from the same locations and claims data. We used hospital data corrected for readmission 

and primary to any diagnosis based on the correction factors generated using USA claims data. We 

excluded any inpatient hospital data points which were more than two-fold higher or 0.5-fold lower than 

the median absolute deviation value for high-income North America, Central Europe, and Western 

Europe for that age-sex group. 

 

Severity split inputs 

We used the standard GBD approach, which utilises MEPS data to split overall estimates of endocarditis 

into moderate and severe categories. The table below includes the severity level, lay descriptions, and 

DWs associated with acute endocarditis. 

 

Severity level Lay description DW (95% CI) 

Moderate Has a fever and aches, and feels weak, which causes some 

difficulty with daily activities. 

0.051 (0.032に0.074) 

Severe Has a high fever and pain, and feels very weak, which causes 

great difficulty with daily activities. 

0.133 (0.088に0.19) 

 

Modelling strategy  

For GBD 2017, we estimated endocarditis using a DisMod-MR-2.1 Bayesian meta-regression model, 

setting a minimum of 11 and maximum of 13 as value priors on remission to establish an average 

duration of one month. Country-level covariates used included the endocarditis summary exposure 

variable (SEV) on incidence and lag distributed income (LDI) per capita (I$) on excess mortality. 
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We evaluated models by comparing model fits with the data and with results from previous GBD 

estimation cycles.  

 

The table below gives the parameters, betas, and exponentiated betas for study-level and country-level 

covariates used in the model 

Covariate Parameter Beta Exponentiated beta 

LDI (I$per capita) Excess mortality rate -0.1 (-0.1 to -0.1) 0.90 (0.90 to 0.90) 

Log-transformed age-

standardised SEV scalar: 

endocarditis 

Incidence 0.91 (0.76 to 1.20) 2.50 (2.13 to 3.31) 

 

No significant changes were made to the modelling strategy from GBD 2016. 
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Case definition  

Other cardiovascular disease is a residual category resulting from the GBD approach of estimating the 

total burden of all causes. Prevalence estimates are produced in order to provide YLDs consistent with 

the estimated YLLs from the death modelling process and to enable the calculation of DALYs. 

 

Conditions included in this cause, based on ICD codes used for both fatal and non-fatal modelling, are  

Other diseases of pulmonary vessels; Acute pericarditis; Other diseases of pericardium; Pericarditis in 

diseases classified elsewhere; Paroxysmal tachycardia; Cardiac septal defect, acquired; Rupture of 

chordae tendineae, not elsewhere classified; Rupture of papillary muscle, not elsewhere classified; 

Intracardiac thrombosis, not elsewhere classified; Cerebral amyloid angiopathy; Other aneurysm; Other 

disorders of arteries and arterioles; Diseases of capillaries; Disorders of arteries, arterioles, and capillaries 

in diseases classified elsewhere; Phlebitis and thrombophlebitis; Portal vein thrombosis; Other venous 

embolism and thrombosis; Varicose veins of lower extremities; Varicose veins of other sites; Other 

disorders of veins; Nonspecific lymphadenitis; Other non-infective disorders of lymphatic vessels and 

lymph nodes; Other disorders of circulatory system in diseases classified elsewhere.   

 

Input data  

As this is a residual category, we used data from the Medical Expenditure Panel Survey and modelled 

estimates from heart failure due to other cardiovascular disease to estimate prevalence of other 

cardiovascular disease. 
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Severity split inputs  

The table below includes lay descriptions and disability weights for the severity levels of other 

cardiovascular disease for GBD 2017.  

Severity level  Lay description  DW (95% CI) 

Asymptomatic  

N/A 

Mild  Is short of breath and easily tires with moderate physical 

;Iデｷ┗ｷデ┞が ゲ┌Iｴ ;ゲ ┘;ﾉﾆｷﾐｪ ┌ヮｴｷﾉﾉ ﾗヴ ﾏﾗヴW デｴ;ﾐ ; ケ┌;ヴデWヴどﾏｷﾉW ﾗﾐ 
level ground. The person feels comfortable at rest or during 

activities requiring less effort.  

0.041 (0.026に0.062) 

Moderate  Is short of breath and easily tires with minimal physical activity, 

such as walking only a short distance. The person feels 

comfortable at rest but avoids moderate activity.  

0.072 (0.047に0.103) 

Severe  Is short of breath and feels tired when at rest. The person 

avoids any physical activity, for fear of worsening the breathing 

problems.  

0.179 (0.122に0.251) 

 

Modelling strategy   

To obtain prevalence estimates of other cardiovascular disease, we used MEPS data combined with 

prevalence estimates of heart failure due to other CVD for the USA in 2005 to estimate the ratio of the 

prevalence of heart failure due to other CVD causes to the prevalence of other CVD causes. We then 

applied this ratio to the age-, sex-, and year-specific prevalence estimates for heart failure due to other 

CVD causes for all locations to generate prevalence estimates of other cardiovascular disease.  

 

Non-rheumatic valve disease, including mitral and aortic valve disease, previously included as part of the 

other cardiovascular disease aggregate, was modelled as a separate cause for GBD 2017; a write-up of 

the modelling strategy can be found in this appendix. No other significant changes were made to the 

modelling strategy for GBD 2017. 
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Input data and methodological summary 

 

Case definition 

COPD is defined as in the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification: a 

measurement of <0.7 FEV1/FVC (one second of forceful exhalation/total forced expiration) on spirometry 

after bronchodilation. It should be noted that this is the same reference definition as was used for GBD 

2015 and GBD 2016, but it is different from GBD 2013, where the さLower Limit of Normal (LLN)がざ ie, 

relative to an age- and sex-specific norm for the FEV1/FVC ratio, was the reference. We made this 

decision because the severity grading of COPD follows the GOLD Class definition rather than the LLN 

concept. The definitions of the severity classes in the GOLD classification are provided below.  

GOLD CLASS FEV1 Score 

I: Mild >=80% of normal 

II: Moderate 50-79% of normal 

IV: Severe <50% of normal 
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ICD-10 codes associated with COPD include J41, J42, J43, J44, and J47. The corresponding ICD-9 codes are 

491-492, and 496. J40 & 490 (Bronchitis, not specified as acute or chronic) and J47 & 494 (Bronchiectasis) 

were mapped to COPD for GBD 2016 but excluded for GBD 2017 based on expert feedback.  

Input data 

No systematic review of the literature was completed for GBD 2017; however, for GBD 2016, we updated 

the systematic review from previous iterations. The full search term was: 

(chronic obstructive pulmonary disease[Title/Abstract] AND (prevalence[Title/Abstract] or incidence 

[Title/Abstract] or mortality [Title/Abstract] or death [Title/Abstract]) AND "Cross-Sectional Studies"[MeSH 

Terms])  Filters: Publication date from 04/01/2015 to 11/01/2016; Humans 

 

For GBD 2017, we reviewed the papers listed in the following meta-analysis of COPD prevalence 

estimates: 

 

Adeloye D, Chua S, Lee C, Basquill C, Papana A, Theodoratou E, Nair H, Gasevic D, Sridhar D, Campbell H, 

Chan KY. Global and regional estimates of COPD prevalence: Systematic review and metaにanalysis. Journal 

of global health. 2015 Dec;5(2). 

 

In addition to scientific literature, we included survey data with spirometry measurements, such as the 

National Health and Nutrition Examination Study series in the United States. The Study of Aging and 

Global Health (SAGE) series, the Korean NHANES, the English Longitudinal Study of Aging (ELSA), and the 

Turkey Chronic Diseases and Risk Factors Study 2011 were all added for GBD 2017. 

Data using alternative case-definitions of COPD prevalence (ie, LLN or FEV1/FVC<0.7 pre-bronchodilator) 

were crosswalked to the reference case-definition with age-specific ratios derived from studies reporting 

prevalence using both the alternative and reference case-definitions. 

Furthermore, claims data for the United States were included. Additional information on the claims data 

collection and pre-corrections are provided elsewhere. Briefly, we determined USA national and state-

level estimates of COPD prevalence from a database of individual-level ICD-coded health service 

encounters. Persons with any inpatient claim or at least two outpatient claims associated with COPD were 

marked as a prevalent case for that year. 

For GBD 2016, a correction was made for COPD USA claims data. Under the assumption that NHANES 

estimates are more accurate than claims data estimates because they use spirometry measurements, we 

derived an age-specific crosswalk to adjust USA claims data according to the ratio between NHANES and 

the national-level USA claims estimates. However, for GBD 2017 we decided the age-pattern apparent in 

NHANES is unreliable and perhaps implausibly high in individuals under 30 years old, due to the fact that 

NHANES spirometry measurements are taken without the use of a bronchodilator. Instead, we derived an 

age-specific crosswalk using a comparison of BOLD study results from Kentucky to claims data from 

Kentucky. Claims data are valuable for the subnational variation they can provide; however, the challenge 

of correcting the systematic bias present in claims data relative to spirometry-based prevalence data has 

no clear or singular resolution. 

The volume of claims data is sufficiently large to have a ripple effect throughout the model. One way this 

effect manifests is in the sex-ratio. The GBD 2016 NHANES-based crosswalk was both age and sex-

specific. The GBD 2017 BOLD-based crosswalk, on the other hand, is not sex-specific, and this decision 
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was made because BOLD estimates in Kentucky are greater in females than in males, whereas USA 

NHANES and claims data suggest greater prevalence in females. As a result of using a non-sex-specific 

crosswalk, the sex-ratio present in the claims data is preserved by the crosswalk. This ratio, while in the 

direction we expect (larger prevalence in males), is smaller in magnitude than the ratio from NHANES, 

and therefore smaller than the ratio present in our adjusted data for GBD 2016. This modelling decision 

had the effect of increasing prevalence in females in the US, and this, combined with new UK data that 

are higher in females than the GBD 2016 models, resulted in higher modelled prevalence for females in 

many other GBD regions as well. A table describing the density and distribution of the available data 

informing the COPD estimation process is provided below. 

 Prevalence Incidence Proportion by GOLD 

class 

Site-years (total) 504 5 39 

Number of countries 

with data 

53 5 31 

Number of GBD regions 

with data (out of 21 

regions) 

16 3 15 

Number of GBD super-

regions with data (out 

of 7 super-regions) 

7 2 7 

 

Modelling strategy  

As described above, the estimation of COPD burden occurs in three main steps. The first is the estimation 

of prevalence and incidence using a DisMod-MR 2.1 model. The second is the separate estimation of the 

proportions by three GOLD class groupings in DisMod-MR 2.1. The third is the combination of these two 

processes to derive prevalence by severity. 

 

Step 1: Main COPD model 

Prior settings include remission of 0 and an incidence ceiling of 0.0002 before age 20. The latter was 

necessary to avoid a kick-up of estimates in childhood at an age range with few or no primary data. 

 

Similar to other causes, we included estimates of cause-specific mortality rate (CSMR) and derived 

estimates of excess mortality rate (EMR) by dividing every prevalence data point by the CSMR value for 

the corresponding location, age, sex, and year. We did not estimate EMR for data points with an age 

range greater than 20 years. 

 

To assist estimation, each model includes a series of country-level covariates that describe 

spatiotemporal patterns. For example, we use the COPD standardised exposure variables (SEV), which 

aggregates multiple risk factors into a single variable. We also use the log of LDI and the Healthcare 

Access and Quality (HAQ) index on EMR to capture country-level variation of EMR, assuming a negative 

coefficient (ie, lower mortality with rising GDP and HAQ). For this GBD cycle, the proportion of elevation 

over 1500m was also added as a country-level covariate on prevalence and EMR based on its significance 

in the COPD cause of death models. 
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For GBD 2017, with the new adjustment strategy for claims data, it appeared that DisMod was calculating 

a sex-coefficient that placed too much weight on the sex-ratio from the claims. The claims ratio is smaller 

than the ratio from the remainder of the dataset, so this had an undesirable effect. In response, we 

performed a random-effects meta-analysis of the male:female ratio in our dataset and fixed the sex-

coefficient in the DisMod prevalence model accordingly. 

Step 2: GOLD class models 

The GOLD class models use data from surveys that specified prevalence by GOLD class after expressing 

the values as a proportion of all COPD cases. For GBD 2016 we used fixed effects from the SEV scalar and 

the log of lag-distributed income (LDI) per capita to assist estimation. For GBD 2017, we dropped these 

covariates because they did not produce significant coefficients. We also restricted random effects to +/-

0.5 to control implausible geographical variation. 

 

Table of model coefficients for COPD 

Model Variable name Measure Beta Exponentiated 

COPD Elevation over 

1500m 

(proportion) 

excess mortality rate 0.21 

(0.12に0.31) 

1.23 

(1.12に1.36) 

COPD LDI (I$ per capita) excess mortality rate -0.5 

(-0.5 to -0.5) 

0.61 

(0.60に0.61) 

COPD Log age-

standardised SEV 

scalar: COPD 

prevalence 0.90 

(0.90に0.90) 

2.46  

2.46に2.46) 

 

Severity 

The three GOLD class groupings reflect a grading based on a physiological measurement rather than a 

direct measurement of disease severity. In order to map the epidemiological findings by GOLD class into 

the three COPD health states for which we have disability weights (DW), we used the 2001に2011 Medical 

Expenditure Panel Survey (MEPS) data from the United States. Specifically, we convert the GOLD class 

designations estimated for the USA in 2005 (the midpoint of MEPS years of analyses) into GBD 

classifications of asymptomatic, mild, moderate, and severe COPD.  

The table below shows the three health states of COPD and the corresponding lay descriptions and 

disability weights. The graph shows the average proportion by GOLD class (after scaling to 100%) across 

all ages for USA in 2005. We also show the proportion of MEPS respondents reporting any health service 

contact in the past year for COPD with a DW value attributable to COPD of 0, mild range (0 to midpoint 

between DWs for mild and moderate), moderate range (midpoint of DW values mild and moderate to 

midpoint of DW values for moderate and severe) and severe range (midpoint between DW values 

moderate and severe or higher). The DW value for COPD was derived from a regression with indicator 

variables for all health states reported by MEPS respondents and their reported overall level of disability 

derived from a conversion of 12-Item Short Form Surveys (SF-12) answers to GBD DW values. This 

analysis gave the severity distribution for each GBD cause reported in MEPS after correcting for any 

comorbid causes individual respondents reported during a year. 

Health state Lay description DW (95% CI) 
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Mild COPD This person has cough and shortness of breath after 

heavy physical activity, but is able to walk long 

distances and climb stairs. 

0.019 

(0.011に0.033) 

Moderate COPD This person has cough, wheezing, and shortness of 

breath, even after light physical activity. The person 

feels tired and can walk only short distances or climb 

only a few stairs. 

0.225 

(0.153に0.31) 

Severe COPD This person has cough, wheezing, and shortness of 

breath all the time. The person has great difficulty 

walking even short distances or climbing any stairs, 

feels tired when at rest, and is anxious. 

0.408 

(0.273に0.556) 

  
 

The algorithm to translate GOLD class to COPD DW categories first assigns GOLD III&IV to severe COPD 

and what remains to moderate. Next, GOLD class I is assigned to the asymptomatic category first and 

what remains goes to mild COPD. This algorithm is repeated for each age and sex category and for all 

1,000 draws from the DisMod models of GOLD classes and the MEPS analyses. We end up with 

proportions of each of the GOLD class categories that map onto GBD COPD health states with uncertainty 

bounds determined by the 25th and 975th values of the 1,000 draws. These values are then applied to the 

estimates of the proportion of cases by GOLD class category, after scaling to 100%, by location, year, age, 

and sex. This assumes that the relationship between GOLD class and GBD COPD health states in the 

United States applies everywhere. 
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Pneumoconiosis 
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Input data and methodological appendix 

Case definition 

Pneumoconiosis is a chronic lung disease typified by lung scarring and other interstitial damage caused by 

exposure to dust and other containments に usually through occupational exposure. For GBD, we model 

pneumoconiosis by exposure type: coal, asbestos, silica, and other.  

Input data 

Data used to make estimates of pneumoconiosis are predominantly from three main sources. The first is 

literature data from systematic reviews, usually from smaller-scale studies of prevalence. One challenge 

with literature data is that most studies are conducted in high-risk populations that are not 

representative of the general population. No systematic review of the literature was conducted for GBD 
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2017. The second source of data is inpatient hospital reports, and the third is claims data for the United 

States and Taiwan. For all aetiologies, we use a sex-specific correction factor of the hospital inpatient data 

where numbers are adjusted upward by the ratio of primary diagnosis to secondary diagnosis present in 

the claims data. Greater detail on the preparation of the inpatient and claims data is provided elsewhere. 

The table below includes details regarding input data counts. All data are for prevalence. Data which have 

been marked as outliers are not included in these counts. 

 Asbestosis Coal ┘ﾗヴﾆWヴげゲ 
Pneumoconiosis 

Silicosis Other 

Pneumoconiosis 

Site-years (total) 945 769 744 934 

Number of 

countries with 

data 

32 29 33 38 

Number of GBD 

regions with data 

(out of 21 regions) 

12 13 13 15 

Number of GBD 

super-regions 

with data (out of 7 

super-regions) 

5 6 6 7 

 

Severity split inputs 

Data to inform estimates of the severity gradient due to pneumoconiosis etiologies are derived from 

previous analyses of the Medical Expenditure Panel Survey (MEPS). The disability weights are also shared. 

Severity level Lay description DW (95% CI) 

Mild Has cough and shortness of breath after heavy 

physical activity, but is able to walk long distances 

and climb stairs. 

0.019 

(0.011に0.033) 

Moderate Has cough, wheezing, and shortness of breath, even 

after light physical activity. The person feels tired 

and can walk only short distances or climb only a 

few stairs. 

0.225 

(0.153に0.312) 

Severe Has cough, wheezing, and shortness of breath all 

the time. The person has great difficulty walking 

even short distances or climbing any stairs, feels 

tired when at rest, and is anxious. 

0.408 

(0.273に0.556) 

 

Modelling strategy 

Estimates for the pneumoconiosis aetiologies are produced using a standard DisMod-MR 2.1 approach. 

For all aetiologies, we use prior settings of zero remission. Additionally, we assume no incidence and 

prevalence before the age of 10. 

To assist estimation, each model includes a series of country-level covariates that describe 

spatiotemporal patterns. The standardised exposure variable (SEV) covariates, which were used for GBD 
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2016, were removed because the associated risk-outcome pairs for the new calculation resulted in 

undefined SEV values. However, we added the SEV scalar for mesothelioma in the asbestosis model, as 

asbestosis and mesothelioma have a common risk factor in asbestos exposure. The gold production 

covariate, which was used for the GBD 2016 silicosis model, was removed because DisMod was assigning 

it implausible coefficient values. Subnational updates were made to coal production and asbestos 

consumption to account for new subnational locations for GBD 2017. 

Cause Measure Variable name Beta Exponentiated 

Asbestosis Prevalence Asbestos 

consumption (per 

capita) 

0.47 

(0.015に1.70) 

1.60 

(1.02に5.47) 

Asbestosis Prevalence Log-transformed 

age-standardised 

SEV scalar: 

Mesothelioma 

0.029 

(0.000016に0.32) 

1.03 

(1.00に1.38) 

Coal ┘ﾗヴﾆWヴげs Prevalence Coal production 

(per capita) 

0.0017 

( -0.00025 to 0.0045) 

1.00 

(1.00に1.00) 

 

Prevalence and incidence of coal wﾗヴﾆWヴげゲ pneumoconiosis were set to zero in locations without a history 

of coal mining given the causal and necessary relationship between respective occupational exposure and 

disease. For GBD 2016 these locations were values with zero coal production for 30 years in the GBD coal 

production covariate, but for GBD 2017 we cross-referenced these locations with vital registration data to 

ensure that we are not setting prevalence and incidence to zero for any locations where vital registration 

IﾗSWゲ ｪヴW;デWヴ デｴ;ﾐ ┣Wヴﾗ SW;デｴゲ S┌W デﾗ Iﾗ;ﾉ ┘ﾗヴﾆWヴげゲ ヮﾐW┌ﾏﾗIﾗﾐｷﾗゲｷゲく 
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Asthma 
 

Flowchart 

Survey Data

CSMR from 

CODEm

Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/

age/sex for 

Asthma

Comorbidity 

correction 

(COMO)

Comorbidity 

adjusted 

YLDs

Cause of death

Asthma

Computing excess 

mortality from 

available prevalence & 

CSMR data

claims data 2000, other claims 

data, wheezing only, physician 

diagnosed asthma only, self-report 

current asthma, self-report ever 

asthma, SEV scalar asthma, log LDI

Age-sex 

splitting

Severity splits

Prevalence 

of Controlled 

Asthma

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Medical Expenditure 

Panel Survey

Claims data 

Prevalence of 

Uncontrolled 

Asthma

Prevalence of 

Asymptomatic 

Asthma

Prevalence of 

Partially 

Controlled 

Asthma

Proportions 

asymptomatic and 

controlled, partially 

controlled and 

uncontrolled asthma

Input data ProcessResultsDatabase Disability weightsNonfatalBurden estimation Covariates

Meta-analysis of World Health 

Survey microdata to estimate 

wheezing and diagnosis 

covariate coeff icients

 

 

Case definition 

Asthma is a chronic lung disease marked by spasms in the bronchi usually resulting from an allergic 

reaction or hypersensitivity and causing difficulty in breathing. We define asthma as a SﾗIデﾗヴげゲ Sｷ;ｪﾐﾗゲｷゲ 
and wheezing in the past year. The relevant ICD-10 codes are J45 and J46. ICD-9 code is 493. 

Input data 

No systematic review of the literature was completed for this GBD cycle. However, for GBD 2016, we did 

a full systematic review of the literature on asthma. We used the following search string in PubMed and 

filtered by studies of humans published between January 2012 and November 2016. 

(Asthma[Title/Abstract] AND prevalence[Title/Abstract] AND "Cross-Sectional Studies"[MeSH Terms]) 

Survey data added for GBD 2016 include the Survey of Health, Ageing and Retirement in Europe (SHARE), 

the Russian Ural Eye and Medical Study, the South Africa National Income Dynamics Study, the South 
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Africa General Household Survey 2009, and the WHO Study on Global Ageing and Adult Health series 

(SAGE), among others. 

Surveys carried out as part of the International Study of Asthma and Allergies in Childhood (ISAAC) 

collaboration are the most important source of prevalence data in children. 

The following table provides a description of the data density and distribution by geography and 

epidemiological measure (including the claims data discussed below). 

 Prevalence Incidence Remission Other 

Site-years (total) 1389 10 32 9 

Number of 

countries with 

data 

136 5 15 6 

Number of GBD 

regions with data 

(out of 21 regions) 

21 1 7 3 

Number of GBD 

super-regions 

with data (out of 7 

super-regions) 

7 1 5 3 

 

In addition to literature and survey data, we use claims data from the United States. Information on the 

source and preparation of these data are provided in detail elsewhere. 

 

Modelling strategy  

 

We use DisMod-MR 2.1 as the main modelling tool for asthma. Prior settings include a maximum 

remission of 0.3 (reflecting the upper bound of the highest observed data) and no incidence between the 

ages of 0 and 0.5 year, as a diagnosis cannot be made in young infants. 

 

Data points from the ISAAC studies were reported for both sexes combined. We sex-split before 

modelling using the ratios derived from the 2012 US claims data.  

 

Data that describe wheezing in the past year but do not report presence/absence of an accompanying 

diagnosis are crosswalked to the reference category using a study-level covariate in DisMod. As the table 

below shows, studies that only report wheezing are systematically higher than reference data points and 

are adjusted down に dividing by the exponentiated coefficient. Data that describe prevalence of lifetime 

diagnosis of asthma but not accompanying wheezing in the past year are also crosswalked to the 

reference category using a study-level covariate. For GBD 2016, we allowed DisMod to estimate these 

coefficients. For GBD 2017 we performed an analysis of World Health Survey microdata to estimate the 

coefficients and used these values as priors in the DisMod model. 

 

To account for country-level differences in excess mortality as a function of available medical care we use 

log lag-distributed income (LDI) as a covariate and assume a negative coefficient. The effect size is shown 

below. 
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For GBD 2016, claims data for 2000 and 2010 were adjusted via study covariates to account for 

systematically lower estimates relative to the 2012 claims data. Implicit in this adjustment is the 

assumption that variation between years of claims data is a function of data-collection inconsistencies. 

However, an analysis for GBD 2017 showed that even the 2012 claims data were systematically lower 

than asthma survey data. To account for this, we estimated a MarketScan 2000 coefficient and a separate 

MarketScan coefficient for the remaining years of data, by comparing the national values in these 

datasets to national asthma estimates from the USA National Health and Nutrition Examination Survey 

and National Health Interview Surveys. 

Similar to other causes, we include estimates of cause-specific mortality rate (CSMR) and excess mortality 

rate (EMR) derived as a matched value for each prevalence data point dividing CSMR by prevalence. We 

restrict these EMR calculations to data points of 20-year age span or less. 

 

To assist estimation, the model includes a series of country-level covariates that describe spatiotemporal 

patterns. Specifically, we use log LDI and the asthma standardised exposure variable (SEV), a scalar that 

combines exposure of all GBD risks that influence asthma. A full covariate list, including the study-level 

covariates described above, are presented in the following table with their associated effects: 

Variable name Measure Beta Exponentiated 

Wheezing only prevalence 1.05 

(1.05に1.05) 

2.85 

(2.85に2.85) 

Physician-diagnosed asthma only prevalence 0.60 

( 0.60に0.60) 

1.82 

(1.82に1.82) 

Self-reported currently have 

asthma 

prevalence 0.22 

(0.16に0.28) 

1.24 

(1.17に1.32) 

Self-reported ever having asthma prevalence 0.24 

(0.20に0.28) 

1.28 

(1.23に1.32) 

Claims data 2000 prevalence -1.25 

( -1.25 to -1.25) 

0.29 

(0.29に0.29) 

Claims data post-2000 prevalence -0.79 

(-0.79 to -0.79) 

0.45 

(0.45に0.45) 

Log SEV scalar: asthma prevalence 0.75 

(0.75に0.76) 

2.13 

(2.12に2.14) 

Log LDI (I$ per capita) excess mortality rate -0.5 

(-0.5 to -0.5) 

0.61 

(0.61に0.61) 

 

Severity split inputs 

Lay descriptions and disability weights for the asthma health states are shown in the table below. The 

distribution between the three health states is derived from an analysis of the USA Medical Expenditure 

Panel Surveys (MEPS). The methods are described in full in a separate section of this appendix. Briefly, 

MEPS is an ongoing survey of health service encounters with as its main objective to collect data on 

health expenditure. Panels are recruited every year and followed up for a period of two years. Diagnostic 

information provided by respondents on the reasons for any health care contact are coded into three-

digit ICD-9 codes by professional coders. 
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Twice over the two-year follow-up period, respondents are asked to fill in 12-Item Short Form Surveys 

(SF-12). From convenience samples asking respondents to fill in SF-12 for 60 of the GBD health states, 

IHME has created a mapping from SF-12 scores to GBD disability weights (DW). We perform a regression 

with indicator variables for all GBD causes that we can identify from the ICD codes in MEPS to derive for 

each individual with a diagnosis the amount of disability that can be attributed to that condition after 

controlling for any comorbid conditions. Anyone with a diagnosis of asthma in whom the disability 

assigned to asthma is negative or zero we assume is asymptomatic (at the time of asking SF-12 question 

relating to their health status in the past four weeks). Non-zero values we bin into the three health states 

assuming a split between these at the midpoint between DW values. The table below gives the 

proportions in MEPS in each of the health states and an asymptomatic state. 

Severity level Lay description DW (95% CI) Severity 

distribution 

Asymptomatic   36.2%  

(35.0に37.3%) 

Controlled This person has wheezing and cough once a 

month, which does not cause difficulty with 

daily activities.  

0.015 

(0.007に0.026) 

 

19.9% 

(13.6に27.8%) 

Partially controlled This person has wheezing and cough once a 

week, which causes some difficulty with daily 

activities. 

 

0.036 

(0.022に0.055) 

 

20.6%  

(15.1に25.8%) 

Uncontrolled This person has wheezing, cough, and 

shortness of breath more than twice a week, 

which causes difficulty with daily activities 

and sometimes wakes the person at night. 

0.133 

(0.086に0.192) 

23.3% 

(18.7に30.3%) 
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Interstitial lung disease and pulmonary sarcoidosis (ILD)  
 

Flowchart 

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Inpatient hospital 

data

CSMR from 

CODEm

Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/

age/sex of ILD

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Interstitial Lung Disease and Pulmonary 

Sarcoidosis (ILD)

Computing excess 

mortality from available 

incidence & CSMR data
Covariates:

US Claims data 2000, LDI, HAQI 

Severity splits

Prevalence of 

Severe ILD

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Meta-analysis of % mild, 

moderate, severe ILD

Medical Expenditure 

Panel Survey

Claims data

Prevalence of 

mild ILD

Prevalence of 

moderate ILD

 

 

Case definition 

Interstitial lung diseases and pulmonary sarcoidosis are a collection of chronic respiratory diseases that 

impair lung function and oxygen uptake through scarring and/or inflammation. The relevant ICD codes 

are D86 and J84. For interstitial lung disease, we use the American Thoracic Society as the gold standard 

definition. 

Input data 

Model Inputs 

No systematic review of the literature was conducted for ILD for this iteration of the Global Burden of 

Disease. These reviews are done on a rotating basis and updates will be made for a future iteration. 

Data used to make estimates of ILD are predominantly from three main sources. The first is literature 

data from previous systematic reviews に usually from smaller-scale studies of prevalence or incidence. The 

second main data type is claims data for the United States. The source and preparation of these data is 

described elsewhere. The third main data type is adjusted hospital inpatient records. Because these 

records only report primary diagnosis, we a priori adjust the numbers by a sex-specific factor based on 

the observed ratio between USA claims data and USA inpatient hospital data. 

The following table provides a picture of the number of available studies along with their distribution 

globally and by epidemiological profile. In short, the ILD data landscape is rather sparse. The available 

data are largely skewed toward high-income countries like the United States or the member countries of 
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the European Union. The relatively high number of subnational units with data is largely a function of 

claims data in the United States and hospital data from Mexico and Brazil.  

 Prevalence Incidence Other 

Site-years (total) 1380 54 2 

Number of countries 

with data 

39 16 2 

Number of GBD regions 

with data (out of 21 

regions) 

15 7 2 

Number of GBD super-

regions with data (out 

of 7 super-regions) 

7 4 2 

 

Severity splits 

Data to inform estimates of the severity gradient due to ILD are derived from previously analyses of the 

Medical Expenditure Panel Survey (MEPS). The table below illustrates the lay descriptions and disability 

weights associated with different levels of severity of interstitial lung disease. 

 

Severity level Lay description DW (95% CI) 

Mild Has cough and shortness of breath after heavy 

physical activity, but is able to walk long distances 

and climb stairs. 

0.019 

(0.011に0.033) 

Moderate Has cough, wheezing, and shortness of breath, 

even after light physical activity. The person feels 

tired and can walk only short distances or climb 

only a few stairs. 

0.225 

(0.153に0.312) 

Severe Has cough, wheezing, and shortness of breath all 

the time. The person has great difficulty walking 

even short distances or climbing any stairs, feels 

tired when at rest, and is anxious. 

0.408 

(0.273に0.556) 

 

Modelling strategy 

Estimates for ILD are produced using a standard DisMod-MR 2.1 approach. We use prior settings of zero 

remission and we constrain the super-region random effects to -0.5 to 0.5 to ensure model stability. 

As described above, we use an a priori adjustment of hospital inpatient data. 

Similar to other causes, we include estimates of cause-specific mortality rate (CSMR) and Excess Mortality 

Rate (EMR). The source and estimation of these rates are discussed elsewhere.  

Variable name Measure Beta Exponentiated 

All MarketScan, year 2000 prevalence -0.25 

( -0.27 to -0.23) 

0.78 

(0.76に0.79) 
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LDI (I$ per capita) excess mortality 

rate 

-0.2 

(-0.2 to -0.2) 

0.82 

(0.82に0.82) 

Healthcare Access and 

Quality index 

excess mortality 

rate 

0.012 

(0.012に0.013) 

1.01 

(1.01に1.01) 

 

A study-level covariate was used for MarketScan 2000 data to adjust for systematically low values. To 

account for country-level differences in excess mortality (perhaps as a function of available medical care) 

we use ln(lag distributed income) and Healthcare Access and Quality (HAQ) index as proxy measures. The 

effect sizes are shown above. 
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Other chronic respiratory diseases 
In addition to the chronic respiratory diseases described above, there are many diverse types of chronic 

respiratory diseases with a range of severities and associated sequelae. Because these chronic respiratory 

diseases are diverse in their underlying causes and risk factors as well as in their associated health 

outcomes, modelling them together in a DisMod-MR model would not produce reliable estimates of 

prevalence or excess mortality. Instead, we calculated the YLDs caused by other chronic respiratory 

diseases directly using a YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified chronic respiratory diseases for which non-

fatal outcomes were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. We 

then multiplied this YLD/YLL ratio by the YLL estimates for other chronic respiratory diseases from the 

GBD 2017 CoD analysis, providing us with an estimate of the YLDs associated with other chronic 

respiratory diseases.  
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Cirrhosis  
 

Flowchart 

 

 

Input data and methodological summary 

 

Case definition 

Cirrhosis is a chronic liver disease most often caused by alcohol use or chronic infection with hepatitis B 

ﾗヴ Cく E;ヴﾉ┞ SｷゲW;ゲW ｷゲ デ┞ヮｷI;ﾉﾉ┞ ;ゲ┞ﾏヮデﾗﾏ;デｷI ;ゲ デｴW ﾉｷ┗Wヴげゲ resilience compensates for cirrhotic damage. 

Decompensated cirrhosis occurs when the disease progresses beyond the capacity of the liver to 

compensate for the damage, and is marked by profound symptoms, health loss and, often, death. We 

model decompensated cirrhosis, defined by cirrhosis (or a closely related diagnosis code) as the primary 

diagnosis in hospital data. This includes ICD1-0 codes K70-K77, I85, P78.81. 
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We modelled total cirrhosis prevalence and decompensated cirrhosis based on hospital data and claims 

data, using different definitions (any diagnoses of cirrhosis and primary diagnoses as cirrhosis, 

respectively) for each model. The table below indicates the number of site-years used for both the total 

and decompensated models based on measure and location type. 

Total cirrhosis data input 

 Incidence Prevalence 

Site-years (total) 1 1406 

Number of countries with data 1 41 

Number of GBD regions with data (out of 21 regions) 1 16 

Number of GBD super-regions with data (out of 7 super-

regions) 1 7 

 

Decompensated cirrhosis data input 

 Incidence Prevalence 

Site-years (total) 1 1432 

Number of countries with data 1 42 

Number of GBD regions with data (out of 21 regions) 1 16 

Number of GBD super-regions with data (out of 7 super-

regions) 1 7 

 

A systematic review of the literature was conducted to capture studies of the proportion of cirrhosis 

attributable to alcohol, hepatitis B, hepatitis C, and other causes. In GBD 2017, we added cirrhosis due to 

non-alcoholic steatohepatitis as a fifth aetiology. We re-extracted all literature within our databases on 

cirrhosis aetiology proportions for cirrhosis due to NASH. We assigned cases of cryptogenic cirrhosis to 

the NASH etiology. We searched the peer-reviewed literature via PubMed and solicited sources from GBD 

collaborators. 

The inclusion criteria stipulated that: 1) the publication year must be from 1980 onward; 2) the sample 

had to be a representative sample of those with decompensated cirrhosis (eg, studies of patients with 

both HCC and hepatitis were excluded); 3) sufficient information must be provided on study method and 

sample characteristics to assess the quality of the study; 4) hepatitis B and C were confirmed via HBsAg, in 

the case of hepatitis B, and anti-HCV IgG, in the case of hepatitis C. The table below summarises the 

number of site-years of data for each cirrhosis aetiology, and also includes the total number of countries 

and GBD regions represented. 

Cirrhosis aetiology proportion input 

 

 HepB  HepC  Alcohol  Other  NASH  

Site-years (total) 76 80 

 

55 

 

 

34 

 
24 
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Number of countries 

with data 

32 35 

 

23 

 

 
 

18 

 
14 

 

 
 

Number of GBD 

regions with data (out 

of 21 regions) 

17 17 

 

13  

 

11 

 
10 

 
 

Number of GBD 

super-regions with 

data (out of 7 super-

regions) 

7 7 6 6 5 
 

 

Modelling strategy  

We modelled cirrhosis prevalence using hospital data and CSMR estimates, assuming no remission. To 

estimate the prevalence of cirrhosis due to alcohol, cirrhosis due to hepatitis B, cirrhosis due to hepatitis 

C, cirrhosis due to other causes, and cirrhosis due to NASH, we developed aetiological proportion models 

using DisMod-MR 2.1, and used the results of these models to split the parent total cirrhosis and 

decompensated cirrhosis prevalence estimates. 

 

Given the similar aetiologies for liver cancer and cirrhosis we integrated the aetiology models for these 

two causes. We have more data for liver cancer aetiologies than we do for cirrhosis. Therefore, we first 

developed five single-parameter DisMod models, each to estimate the proportion of liver cancer due to a 

given cause (ie, alcohol, hepatitis B, hepatitis C, other, and NASH). Estimates from these liver cancer 

models were then used as covariates in the five corresponding cirrhosis aetiology models. Proportions 

from the five aetiology models were then rescaled to sum to one at the draw level, and used to split the 

parent cirrhosis estimates. Listed below are covariate tables for each model: total cirrhosis, 

decompensated cirrhosis, and the five aetiology proportions, used in the published model for GBD 2017. 

Total cirrhosis covariate table 

 

Study covariate Type Parameter Beta Exponentiated beta 

Claims data に 2000 Study level Prevalence -1.08 (-1.12 to -
1.05) 

0.34 (0.33–0.35) 

Claims data に 

Other 

Study level Prevalence -0.25 (-0.25 to -
0.25) 

0.78 (0.78–0.78) 

Alcohol (LPC) Country level Prevalence 0.0055 (0.0021–
0.0085) 

1.01 (1.00–1.01) 

Obesity prevalence Country level Prevalence 0.022 (0.0010–
0.066) 

1.02 (1.00–1.07) 

Hep B 

Seroprevalence 

Country level Prevalence  
1.97 (1.88–
2.00) 

7.18 (6.55–7.38) 

Hep C 

Seroprevalence 

Country level Prevalence 0.12 (0.0047–
0.44) 

1.13 (1.00–1.56) 

Healthcare Access 

and Quality index 

Country level Excess mortality -0.03 (-0.042 to 
-0.027) 

0.97 (0.96–0.97) 
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Decompensated cirrhosis covariate table 

 

Proportion of cirrhosis due to h atitis B covariate table 

 

Proportion of cirrhosis due to h atitis C covariate table 

 

Proportion of cirrhosis due to alcohol covariate table 

Study covariate Type Parameter Beta Exponentiated beta 

Claims data に 2000 Study level Prevalence -0.88 (-0.92 to -
0.83) 

0.42 (0.40–0.43) 

Hospital Inpatient 

Data 

Study level Prevalence -1.53 (-1.57 to -
1.39) 

0.22 (0.21–0.25) 

Alcohol (LPC) Country level Prevalence 0.0074 (0.0044–
0.010) 

1.01 (1.00–1.01) 

Obesity prevalence Country level Prevalence  
0.63 (0.41–
1.06) 

1.87 (1.51–2.89) 

Hep B 

Seroprevalence 

Country level Prevalence 1.97 (1.93–
2.00) 

7.20 (6.89–7.39) 

Hep C 

Seroprevalence 

Country level Prevalence 0.073 (0.0033–
0.25) 

1.08 (1.00–1.28) 

Healthcare access 

and quality index 

Country level Excess mortality -0.04 (-0.041 to 
-0.04) 

0.96 (0.96–0.96) 

Study covariate Type Parameter Beta Exponentiated beta 

Hep B  

Seroprevalence 

Country level Proportion 0.53 (0.033–
0.97) 

1.70 (1.03–2.65) 

Proportion of liver 

cancer due to Hep B 

Country level Proportion  
0.62 (0.059–
0.98) 

1.87 (1.06–2.68) 

Hep B 3-dose 

coverage (10-year 

lag) 

Country level Proportion 
-0.18 (-0.58 to -
0.007) 

0.84 (0.56–0.99) 

Study covariate Type Parameter Beta Exponentiated beta 

Hep C 

Seroprevalence 

Country level Proportion 0.50 (0.022–
0.98) 

1.65 (1.02–2.66) 

Proportion of liver 

cancer due to Hep C 

Country level Proportion 0.57 (0.039–
0.98) 

1.76 (1.04–2.67) 

Study covariate Type Parameter Beta Exponentiated beta 

Alcohol (LPC) Country level Proportion 0.022 (0.00080–
0.067) 

1.02 (1.00–1.07) 
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Proportion of cirrhosis due to NASH covariate table 

 

Proportion of cirrhosis due to other causes covariate table 

 

Disability weight 

 

Decompensated cirrhosis of each aetiology has one disability weight listed below.   

Sequelae Lay description DW (95% CI) 

Decompensated 

cirrhosis of the liver  

Has a swollen belly and swollen legs. The person feels 

weakness, fatigue and loss of appetite. 

0.178 

(0.122–0.25) 

 

 

Proportion of liver 

cancer due to 

alcohol 

Country level Proportion 
0.49 (0.022–
0.97) 

1.63 (1.02–2.64) 

Alcohol abstainer 
proportion, age-
standardised 

Country-level 
Proportion 

-0.44 (-0.95 to -
0.019) 

0.64 (0.39–0.98) 

Study covariate Type Parameter Beta Exponentiated beta 

BMI (mean) Country level Proportion 0.074 (0.0018–
0.25) 

1.08 (1.00–1.29) 

Obesity (prevalence) Country level Proportion 0.81 (0.030–
1.92) 

2.25 (1.03–6.79) 

NAFLD prevalence Country level Proportion 0.93 (0.032–
1.94) 

2.53 (1.03–6.92) 

Study covariate Type Parameter Beta Exponentiated beta 

Proportion of liver 

cancer due to other 

causes 

Country level Proportion 
0.50 (0.026–
0.97) 

1.65 (1.03–2.64) 
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Non-alcoholic fatty liver disease  
 

Flowchart 

 

Case definition 

Non-alcoholic fatty liver disease (NAFLD) is an umbrella term for a range of liver conditions affecting 

people who drink little to no alcohol. The main characteristic of non-alcoholic fatty liver disease is an 

excess of fat stored in liver cells. ICD 10 codes include K76.0 

 

Input data 

Model inputs 

NAFLD is a new cause added to the hierarchy of digestive diseases in GBD 2017. We performed a 

systematic literature review using PubMed capturing all causes of NAFLD prevalence from 1990 to 2016. 

The following inclusion criteria were used: 

(1) Sample size greater than 100 

(2) Representative of locale or area and sufficient methods  

(3) Does not exclude comorbidities 

(4) NAFLD diagnosed by ultrasound (USS) or other imaging diagnostic 

 

The majority of NAFLD cases are asymptomatic. Therefore, we excluded any hospital and claims data 

which severely underestimated NAFLD prevalence. Data were outliered or excluded if we found they 

differed significantly when compared to regional, super-regional, and global rates. We made 

ultrasonography our gold standard per expert opinion of our GI collaborators. We excluded any studies 

using serum diagnostics or fatty liver indexes and scores to diagnose NAFLD. Clinical data from studies for 
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patients with GI distress, in specialty outpatient clinics, and with comorbid selection processes were 

excluded. The caveat to this was that we accepted city/region-specific studies for large Asian 

studies pooling data from general checkups, where USS is a part of the checkup regiment (eg, South 

Korea, Japan, and some parts of China). There was no significant difference between these studies with 

population-based random samples. 

The tables below show the number of measure specific site-years included in GBD 2017, as well as the 

number of countries and GBD world regions represented for the NAFLD. 

Table 1. NAFLD prevalence inputs  

 

 Incidence Prevalence 

Site-years (total) 2 53 

Number of countries with data 2 18 

Number of GBD regions with data (out of 21 regions) 2 9 

Number of GBD super-regions with data (out of 7 super-regions) 2 5 

 

Modelling strategy 

We modelled prevalence and incidence of NAFLD using DisMod-MR 2.1. Our prior inputs include zero 

excess mortality for all ages and zero incidence from age 0-5. By disease definition, many epidemiological 

studies excluded persons who drink excessive quantities of alcohol or have other chronic liver disease and 

hepatitis. We first ran models adjusting different definitions of alcohol exclusion toward the most 

frequently used definition: 70 grams per week for men and 140 grams per week for women. The effect of 

these adjustments was insignificant and dropped in the final model. We applied a specific age, sex, year 

and location proportion of <70g/140g alcohol intake to generate results applicable to the general 

population. Our final estimates are alcohol-adjusted but have not been adjusted for those excluded due 

to chronic liver disease and hepatitis status. A full list of covariates and coefficients used in the NAFLD 

model are listed below. 

Table 2. Country-level covariates 

 

Disability weights 

There is no associated sequelae or disability weight with NAFLD. Cases of NAFLD are assigned 

asymptomatic with zero disability weight.  

 

Country-level covariate Parameter beta Exponentiated beta 

BMI (mean) Prevalence 0.25 (0.13–0.36) 1.28 (1.14–1.43) 
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Peptic Ulcer Disease 

Flowchart 

 

Case definition 

Peptic ulcer disease is a digestive disorder defined by defects in the lining of the stomach (gastric ulcers) 

or the duodenum (duodenal ulcers) that extend through the muscularis mucosa. Gold-standard diagnosis 

is by endoscopy, although in some cases contrast imaging is sufficient to establish the diagnosis. Peptic 

ulcers can develop marked abdominal pain acutely or can have a more insidious onset and develop into a 

chronic disease with asymptomatic and symptomatic periods. Symptomatic periods of chronic peptic 

ulcer disease are characterised by abdominal pain, bloating, nausea, early satiety, belching, and fatty food 

intolerance. Regardless of the duration of the disease, acute, life-threatening complications of bleeding, 

perforation, or gastric outlet obstruction can develop. Chronic gastric ulcer disease predisposes to gastric 

cancer.   

ICD10 codes used to identify cases of peptic ulcer disease are K25, K26, K27, K28, and K31. ICD10 codes 

for complicated peptic ulcer disease are K25.0-2, K25.4-6, K26.0-2, K26.4-6, K27.0-2, K27.4-6, K28.0-2, 

and K28.4-6. ICD10 codes for acute peptic ulcer disease without complication are K25.3, K26.3, K27.3 and 

K28.3. Equivalent ICD9 codes were used where appropriate.   

 

Input data 

Model inputs 

Prevalence and 

incidence by 

location/year/age/

sex for 3 peptic ulcer 

disease outcomes

Comorbidity 

correction (COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

  Covariates

Peptic ulcer disease

Severity splits

(see below)

Prevalence of 

asymptomatic, mild, 

moderate, acute, and 

complicated sequelae, 

with each of 4 levels 

of anemia

Unadjusted 

YLD by 

sequela

Medical Expenditure 

Panel Survey

Inpatient

Primary diagnostic codes 

for inpatient encounters

National Surveys

Total prevalence

Literature

Total prevalence, incidence

Incidence of complication 

or hospitalization

Claims 

Multiple diagnostic codes 

for claims submitted for 

individuals

Format codes 

Map to 

modeling 

causes

Convert claims to cases

Apply duration window

Apply age and sex 

restrictions

Aggregate

Calculate 3 correction factors

Convert inpatient encounters to 

incident or prevalent cases

(+/- Adjust: primary dx -> any

inpatient -> any)

Apply age and sex restrictions

Aggregate
Nonfatal databases (3):

Total

Complicated

Acute, uncomplicated

CSMR from 

CODEm

Dismod-MR 2.1

(3 Models)

Study-level covariates:

Claims data

Self-report

Endoscopy

Location-level covariates:

HAQI on excess mortality

Scalar for unsafe water on 

incidence or prevalence

Prevalence, total 

(from DisMod)

Prevalence, 

complicated 

(from DisMod)

Prevalence, 

acute, 

uncomplicated 

(from DisMod)

Prevalence, 

at least moderate 

symptoms

Prevalence, 

moderate 

symptoms

Prevalence, 

mild symptoms

Prevalence, 

asymptomatic

Disability weights for each sequela

Subtract 

complicated 

and acute

Proportion 

split

Anemia causal 

attribution

Proportion PUD 

cases with no/

mild/moderate/

severe anemia

Split 5 outcomes:

Asymptomatic, mild, 

moderate, complicated, 

and acute PUD

By 4 anemia  

proportions:

No, mild, moderate or 

severe anemia

To get prevalence of 20 

final sequelae
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In GBD 2016, two systematic searches of peer-reviewed literature were conducted using PubMed. The 

first looked for prevalence and incidence of total peptic ulcer disease and the second looked for studies of 

the incidence of peptic ulcer disease cases with bleeding, perforation, or hospital admission. The results 

of these literature searches were included in two databases に one for total peptic ulcer disease and one 

for symptomatic peptic ulcer disease に along with data from national surveys and facilities and claims 

data. The details of these databases can be found in the appendix to GBD 2016.   

In GBD 2017, three separate databases were developed to model total peptic ulcer disease, peptic ulcer 

disease with complication (such as haemorrhage or perforation), and peptic ulcer disease, acute, without 

complication (but with sufficient severity and diagnostic uncertainty to require hospitalisation). 

The total peptic ulcer disease dataset included peer-reviewed literature and national surveys from the 

GBD 2016 total peptic ulcer disease database, international inpatient facility data, and claims data from 

the United States and Taiwan. In claims data, multiple encounters are linked to individuals and include 

multiple diagnostic codes per encounter. An individual was extracted from claims data as a prevalent case 

if they had any peptic ulcer disease code as any diagnosis in one or more inpatient encounters or two or 

more outpatient encounters. Inpatient encounters were extracted from facilities data if an appropriate 

code appeared as a discharge diagnosis. Correction factors from claims data were then applied to the 

inpatient encounters to estimate the number of cases represented by the encounters, adjusting for the 

fact that some facilities only provide the primary discharge diagnosis, and estimating the number of 

outpatient cases represented by each inpatient case. The included national surveys reported doctor-

confirmed, self-reported diagnoses of peptic ulcer disease. Literature studies included studies that 

ascertained cases from administrative data using diagnostic codes, from self-report, and from study-

specific evaluations including history, physical, and endoscopic exam. 

The peptic ulcer disease with complication dataset included the results of the GBD 2016 literature review 

of peptic ulcer disease with bleeding, perforation, or hospitalisation. It also included data from insurance 

claims for inpatient encounters and hospital discharge data. Claims were extracted as incident cases, 

linking multiple encounters for an individual and assuming multiple encounters within a 60-day window 

represented a single episode. Discharges with an appropriate ICD code as any diagnosis were extracted as 

encounters and adjusted using a correction factor from claims data to estimate the number of incident 

cases, and another to account for some sources only providing primary diagnoses.   

The peptic ulcer disease, uncomplicated, acute dataset included data from insurance claims for inpatient 

encounters and hospital discharge data. Claims were extracted as incident cases, linking multiple 

encounters for an individual and assuming multiple encounters within a 60-day window represented a 

single episode. Discharges with an appropriate ICD code as any diagnosis were extracted as encounters 

and adjusted using a correction factor from claims data to estimate the number of incident cases, and 

another to account for some sources only providing primary diagnoses.  

Data from outpatient encounters from facilities in the United States and Sweden were considered for 

inclusion in the total peptic ulcer disease database, but these data violated established regional trends 

and age distributions and were excluded. Hospital discharge data were highly heterogeneous; for each 

source-location-year-sex combination, age-standardised mean was calculated, and the series was 

excluded if this was 0 or was greater than three times the median absolute deviation above or below the 

median. Data were further considered for exclusion if relatively high values in young age groups led to 
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overestimation of subnational pseudo-random effects and poor model fit, or if we found them 

unreasonable when compared to regional, super-regional, and global rates, but no data for these models 

met these criteria for exclusion.  

The tables below show the number of studies included in GBD 2017, as well as the number of countries 

and GBD world regions represented. 

Total peptic ulcer disease 

 Prevalence Incidence 

Site-years (total) 1427 1 

Number of countries with data 48 1 

Number of GBD regions with data (out of 21 regions) 16 1 

Number of GBD super-regions with data (out of 7 super-regions) 7 1 
Based on facilities and claims data refresh 8 

Peptic ulcer disease, with complication 

 Incidence 

Site-years (total) 756 

Number of countries with data 26 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-regions) 6 
Based on facilities and claims data refresh 8 

Peptic ulcer disease, uncomplicated, acute 

 Incidence 

Site-years (total) 1304 

Number of countries with data 40 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 
Based on facilities and claims refresh 8 

Severity split & disability weight 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for peptic ulcer 

disease were determined as follows. 

Peptic ulcer disease, with complication, and peptic ulcer disease, uncomplicated, acute, were assigned 

the following lay descriptions and disability weights.   

 

Severity level Lay description DW (95% CI) 

Peptic ulcer disease, 

with complication 

This person vomits blood and feels nauseous. 0.325 (0.209に
0.462) 

Peptic ulcer disease, 

uncomplicated, acute 

This person has severe pain in the belly and feels 

nauseous. The person is anxious and unable to carry 

out daily activities. 

0.324 (0.220に
0.442) 
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Prevalence draws from the total peptic ulcer disease model were divided into asymptomatic, mild, and 

moderate using proportions derived from the Medical Expenditure Panel Survey (MEPS). It must be noted 

that the MEPS analysis uses quality-of-life data from individuals who had a health care encounter for 

peptic ulcer disease within the preceding 12 months, and were interviewed about their quality of life in 

the preceding four weeks, so the asymptomatic proportion represents those with diagnosed disease who 

were asymptomatic in a given period of time, not those always asymptomatic who may have peptic ulcer 

disease on endoscopy if examined for study or screening purposes. After dividing the total prevalence 

draws by these three proportions, the complicated and uncomplicated, acute prevalence draws were 

subtracted from the moderate draws. The asymptomatic, mild, and remaining moderate prevalent cases 

were then assigned the following lay descriptions and disability weights. 

Severity level Lay description DW (95% CI) 

Diagnosed peptic ulcer 

disease, not in a 

symptomatic episode 

-- 0 

Mild peptic ulcer disease 

episode 

This person has some pain in the belly that causes 

nausea but does not interfere with daily activities. 

 

0.011 (0.005に
0.021) 

Moderate peptic ulcer 

disease episode 

This person has pain in the belly and feels nauseous. 

The person has difficulties with daily activities. 

 

0.114 (0.080に
0.159) 

*The numerous sequelae generated from exclusive combinations of anaemia and peptic ulcer disease each contain custom disability weights. 

More information can be found in the appendix detailing disability weights.   

Methods for causal attribution of anaemia due to peptic ulcer can be found elsewhere in the appendix 

detailing strategies for impairments. Each final combination of sequela of anaemia and peptic ulcer 

disease underwent exclusivity adjustments to prevent double counting.  

Modelling strategy  

Total peptic ulcer disease, symptomatic and asymptomatic 

The DisMod model for total peptic ulcer disease used prevalence data as described above.  Reference 

data were from hospital discharges and those literature studies that used diagnostic codes for case 

ascertainment.  United States claims data, Taiwanese claims data, self-reported data (from literature and 

surveys), and data from literature studies that used endoscopy were all marked with study-level 

covariates. The model employed the function in DisMod-MR 2.1 to pull in cause-specific mortality rate 

(CSMR) data from CODEm and CoDCorrect analyses and match with prevalence data points for the same 

geography. The prior value of remission was bounded from 0.1 to 0.5 (a duration of two to ten years), the 

prior value of excess mortality rate was bounded 0 to 0.1, and the prior value of incidence was bounded 

to 0 to 0 for those aged 0 to 5 years of age. A location-level covariate for a Healthcare Access and Quality 

index was applied to excess mortality, and a scaled exposure variable for access to safe water was applied 

as a location-level covariate on prevalence. Betas and exponentiated values (which can be interpreted as 

an odds ratio) are shown in the tables below for study-level covariates and location-level covariates.  

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Diagnosis by endoscopy Prevalence 3.75 42.6  
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(3.38 to 4.11) (29.4 to 61.1) 

Study-level covariate Self-reported diagnosis Prevalence 

1.52  

(1.45 to 1.59) 

4.57  

(4.25 to 4.92) 

Study-level covariate USA claims data Prevalence 

-0.66 

(-0.69 to -0.62) 

0.52  

(0.50 to 0.54) 

Study-level covariate TWN claims data Prevalence 

4.91  

(4.68 to 5.00) 

136 

(107 to 148) 

Location covariate 

Scaled exposure variable 

for unsafe water Prevalence 

2.98  

(2.94 to 3.00) 

19.7  

(19.0 to 20.1) 

Location covariate 

Healthcare Access and 

Quality index 

Excess 

mortality rate 

-0.028  

(-0.028 to -0.028) 

0.97  

(0.97 to 0.97) 
Based on model # 334847 

 

Complicated peptic ulcer disease 

The DisMod model for complicated peptic ulcer disease included incidence data as described above.  The 

prior value of incidence was set to 0 from birth to age 5 years, the prior value of excess mortality rate was 

bounded to 0.1 to 10, and the prior value of remission was bounded to 6 to 13 cases of remission per 

person-year (disease duration 4 to 8.7 weeks). A location-level covariate for a Healthcare Access and 

Quality index was applied to excess mortality ratio, and a location-level covariate for the log-transformed 

age-standardised death rate due to peptic ulcer disease was applied to incidence, but neither of these 

were found to be predictive. 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Location covariate 

Natural log of age-

standardised death 

rate Incidence 

0.00060 

(0.000058 to 0.0029) 

1.00  

(1.00 to 1.00) 

Location covariate 

Healthcare Access 

and Quality index 

Excess 

mortality rate 

0.022 

(-1.88 to 1.95) 

1.02  

(0.15 to 6.99) 

Based on model # 338777 

 

Acute peptic ulcer disease, without complication 

The DisMod model for acute, uncomplicated peptic ulcer disease included incidence data as described 

above. Incidence was forced to 0 through age 5 years, the range of prior values on excess mortality rate 

was bounded to 0 to 0.1, and the range of prior values on remission was bounded to 16.5 to 17.5 cases 

per person-year (duration of approximately three weeks). Location-level covariates were applied for 

Healthcare Access and Quality index (on excess mortality rate), log-transformed age-standardised death 

rate due to peptic ulcer disease (on incidence), and unsafe water (on incidence). 

Covariate type Covariate Parameter beta Exponentiated beta 

Location covariate 

Healthcare Access and 

Quality index 

Excess 

mortality rate 

-0.49 

(-1 to 0) 

0.61 

(0.37 to 1.00) 
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Location covariate 

Scaled exposure 

variable for unsafe 

water Incidence 

-5 

(-5 to -5) 

0.0067 

(0.0067 to 0.0068) 

Location covariate 

Natural log of age-

standardised death rate Incidence 

0.000091 

(0.000012 to 

0.00013) 

1.00 

(1.00 to 1.00) 

Based on model # 339515 

Summary of changes  

Compared to GBD 2016, GBD 2017 differs in data inputs and strategy. The peptic ulcer disease database 

includes more location-years of hospital discharge data and more years of United States claims data, and 

adds the new source of Taiwanese claims data. Claims data were extracted with a more stringent case 

definition, in that two outpatient encounters, rather than one, were required to meet the definition of a 

prevalent case for a given year in claims data; this decreased the prevalent cases in claims data and the 

magnitude of the correction factor applied to hospital discharge data to estimate outpatient cases. The 

GBD 2017 model also differed by using hospital discharge data as the reference case.   

 

Additionally, in GBD 2016, two DisMod models were done, one for total peptic ulcer disease and one for 

peptic ulcer disease, symptomatic episodes, and draws of the two models were subtracted to determine 

the asymptomatic portion. For the GBD 2016 symptomatic model, encounters in claims and hospital data 

were extracted as incident symptomatic episodes lasting 4-6 weeks. In GBD 2017, total, complicated, and 

acute, uncomplicated disease requiring hospitalisation were explicitly modelled in DisMod. Draws from 

the total model were divided into asymptomatic, mild, and at least moderate disease using proportions 

and disability weights derived from MEPS; the use of MEPS to derive disability weights is derived in a 

separate appendix, but in brief, MEPS used a general population sample to identify individuals who had 

health care encounters of any kind in the preceding 12 months with peptic ulcer disease codes. These 

individuals responded to a validated quality-of-life instrument with reference to the four preceding 

weeks, and disability weights were derived from these responses. 
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Gastritis and duodenitis 
 

Flowchart 

 

Case definition 

Gastritis and duodenitis refer to inflammation of the lining of the stomach and duodenum, respectively, 

often with damage to epithelial cells lining the gut that is visible via endoscope. Gold standard diagnosis is 

by biopsy, although a number of biochemical and microbiological tests have good predictive value. This 

inflammation can acutely produce severe symptoms, or have a subtle onset and evolve into a chronic 

illness characterised by asymptomatic periods and periods of abdominal pain, bloating, nausea, early 

satiety, and belching. Complications such as haemorrhage may develop. Chronic gastritis predisposes to 

gastric cancer. 

The ICD10 code for gastritis and duodenitis is K29. ICD10 codes for complicated gastritis and duodenitis 

are K29.01, K29.21, K29.31, K29.41, K29.51, K29.61, K29.71, K29.81, K29.91. ICD10 codes for acute 

gastritis are K29.0, K 29.00, K29.1, K29.2, and K29.20. Equivalent ICD9 codes were used where 

appropriate. 

Input data 

Model inputs 

In GBD 2017, three separate databases were developed to model total gastritis and duodenitis, gastritis 

and duodenitis with complication (such as haemorrhage), and gastritis and duodenitis, acute, without 

complication (but with sufficient severity and diagnostic uncertainty to require hospitalisation).   

Prevalence and 

incidence by 

location/year/age/

sex for 3 gastritis and 

duodenitis outcomes

Comorbidity 

correction (COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

  Covariates

Gastritis and duodenitis

Severity splits

(see below)

Prevalence of 

asymptomatic, mild, 

moderate, acute, and 

complicated sequelae, 

with each of 4 levels 

of anemia

Unadjusted 

YLD by 

sequela

Medical Expenditure 

Panel Survey

Inpatient

Primary diagnostic codes 

for inpatient encounters

National Surveys

Total prevalence

Literature

Total prevalence, incidence

Incidence of complication 

or hospitalization

Claims 

Multiple diagnostic codes 

for claims submitted for 

individuals

Format codes 

Map to 

modeling 

causes

Convert claims to cases

Apply duration window

Apply age and sex 

restrictions

Aggregate

Calculate 3 correction factors

Convert inpatient encounters to 

incident or prevalent cases

(+/- Adjust: primary dx -> any

inpatient -> any)

Apply age and sex restrictions

Aggregate
Nonfatal databases (3):

Total

Complicated

Acute, uncomplicated

CSMR from 

CODEm

Dismod-MR 2.1

(3 Models)

Study-level covariates:

Claims data

Self-report

Endoscopy or laboratory

Location-level covariates:

HAQI on excess mortality

Scalar for unsafe water and 

per capita alcohol intake on 

prevalence

Prevalence, total 

(from DisMod)

Prevalence, 

complicated 

(from DisMod)

Prevalence, 

acute, 

uncomplicated 

(from DisMod)

Prevalence, 

at least moderate 

symptoms

Prevalence, 

moderate 

symptoms

Prevalence, 

mild symptoms

Prevalence, 

asymptomatic

Disability weights for each sequela

Subtract 

complicated 

and acute

Proportion 

split

Anemia causal 

attribution

Proportion 

gastritis and 

duodenitis 

cases with no/

mild/

moderate/

severe anemia

Split 5 outcomes:

Asymptomatic, mild, 

moderate, complicated, 

and acute gastritis and 

duodenitis

By 4 anemia  proportions:

No, mild, moderate or 

severe anemia

To get prevalence of 20 

final sequelae
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The total gastritis and duodenitis dataset included peer-reviewed literature from a systematic review 

performed for GBD 2016, international inpatient facility data, and claims data from the United States and 

Taiwan. In claims data, multiple encounters are linked to individuals and include multiple diagnostic codes 

per encounter. An individual was extracted from claims data as a prevalent case if they had any gastritis 

or duodenitis code as any diagnosis in one or more inpatient encounters or two or more outpatient 

encounters. Inpatient encounters were extracted from facilities data if an appropriate code appeared as a 

discharge diagnosis. Correction factors from claims data were then applied to the inpatient encounters to 

estimate the number of cases represented by the encounters, adjusting for the fact that some facilities 

only provide the primary discharge diagnosis, and estimating the number of outpatient cases represented 

by each inpatient case. Literature studies included studies that ascertained cases from administrative 

data using diagnostic codes, from self-report, and from study-specific evaluations including some 

combination of history, physical, serum tests (for pepsinogen, gastrin, or Helicobacter pylori antibodies), 

and endoscopic exam. 

The gastritis and duodenitis, with complication dataset included insurance claims for inpatient encounters 

and hospital discharges. Claims were extracted as incident cases, linking multiple encounters for an 

individual and assuming multiple encounters within a 60-day window represented a single episode. 

Discharges with an appropriate ICD code as a primary diagnosis were extracted as encounters and 

adjusted using a correction factor from claims data to estimate the number of incident cases.   

The gastritis and duodenitis, uncomplicated, acute dataset included insurance claims for inpatient 

encounters and hospital discharges. Claims were extracted as incident cases, linking multiple encounters 

for an individual and assuming multiple encounters within a 60-day window represented a single episode. 

Discharges with an appropriate ICD code as a primary diagnosis were extracted as encounters and 

adjusted using a correction factor from claims data to estimate the number of incident cases.   

Data from outpatient encounters from facilities in the United States and Sweden were considered for 

inclusion in the total gastritis and duodenitis database, but these data violated established regional trends 

and age distributions and were excluded. Hospital discharge data were highly heterogeneous; for each 

source-location-year-sex combination, age-standardised mean was calculated, and the series was 

excluded if this was zero or was greater than three times the median absolute deviation above or below 

the median. Further data were excluded if relatively high values in young age groups led to 

overestimation of subnational pseudo-random effects and poor model fit, or if we found them 

unreasonable when compared to regional, super-regional, and global rates.  

The tables below show the number of studies included in GBD 2017, as well as the number of countries 

and GBD world regions represented. 

Total gastritis and duodenitis 

 

 Prevalence 

Site-years (total) 1402 

Number of countries with data 47 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 
Based on facilities and claims data refresh 8   
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Gastritis and duodenitis, with complication 

 Incidence 

Site-years (total) 285 

Number of countries with data 2 

Number of GBD regions with data (out of 21 regions) 2 

Number of GBD super-regions with data (out of 7 super-regions) 1 
Based on facilities and claims data refresh 8  

Gastritis and duodenitis, uncomplicated, acute 

 Incidence 

Site-years (total) 730 

Number of countries with data 21 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-regions) 6 
Based on facilities and claims data refresh 8  

Severity split & disability weight 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for gastritis and 

duodenitis were determined as follows. 

Gastritis and duodenitis, with complication, and gastritis and duodenitis, uncomplicated, acute, were 

assigned the following lay descriptions and disability weights.   

Severity level Lay description DW (95% CI) 

Gastritis and duodenitis, 

with complication 

This person vomits blood and feels nauseous. 0.325 (0.209に
0.462) 

Gastritis and duodenitis, 

acute 

This person has severe pain in the belly and feels 

nauseous. The person is anxious and unable to carry 

out daily activities. 

0.324 (0.220に
0.442) 

Prevalence draws from the total gastritis and duodenitis model were divided into asymptomatic, mild, 

and moderate using proportions derived from the Medical Expenditure Panel Survey (MEPS). It must be 

noted that the MEPS analysis uses quality-of-life data from individuals who had a health care encounter 

for gastritis and duodenitis within the preceding 12 months and were interviewed about their quality of 

life in the preceding four weeks, so the asymptomatic proportion represents those with diagnosed 

disease who were asymptomatic in a given period of time, not those always asymptomatic who may have 

gastritis and duodenitis on lab tests or endoscopy if examined for study or screening purposes. After 

dividing the total prevalence draws by these three proportions, the complicated and uncomplicated acute 

prevalence draws were subtracted from the moderate draws.   
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The asymptomatic, mild, and remaining moderate prevalent cases were then assigned the following lay 

descriptions and disability weights. 

Severity level Lay description DW (95% CI) 

Diagnosed gastritis and 

duodenitis, not in a 

symptomatic episode 

-- 0 

Mild gastritis and 

duodenitis episode 

This person has some pain in the belly that causes 

nausea but does not interfere with daily activities. 

 

0.011 (0.005に
0.021) 

Moderate gastritis and 

duodenitis episode 

This person has pain in the belly and feels nauseous. 

The person has difficulties with daily activities. 

 

0.114 (0.080に
0.159) 

*The numerous sequelae generated from exclusive combinations of anaemia and gastritis and duodenitis each contain custom disability weights. 

More information can be found in the appendix detailing disability weights.   

Methods for causal attribution of anaemia due to gastritis and duodenitis can be found elsewhere in the 

appendix detailing strategies for impairments. Each final combination of sequela of anaemia and gastritis 

and duodenitis underwent exclusivity adjustments to prevent double counting.  

Modelling strategy  

The DisMod model for total gastritis and duodenitis used prevalence data as described above, and the 

function in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from CODEm and 

CoDCorrect analyses and match with prevalence data points for the same geography. Reference data for 

prevalence were adjusted hospital discharge data and literature studies that ascertained cases using 

diagnostic codes. Claims data, literature that ascertained cases by self-report, and literature that 

ascertained cases by laboratory exams or endoscopy were marked with study-level covariates. Prior value 

of remission was bounded from 0 to 1 (a minimum duration of one year), and prior value of excess 

mortality rate was bounded from 0 to 0.1. Location-level covariates for alcohol consumption and access 

to safe water were applied to prevalence, which we forced positive with a lower bound of 0 on the priors. 

Additionally, a Healthcare Access and Quality index was applied as a location-level covariate on excess 

mortality rate.  

 

Betas and exponentiated values (which can be interpreted as odds ratios) are shown in the table below 

for study-level and location-level covariates.  

 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate 

Diagnosis by 

endoscopy, biopsy, 

and/or serology Prevalence 

2.00  

(1.84 to 2.16) 

7.40  

(6.33 to 8.67) 

Study-level covariate Self-reported Prevalence 

-1.06  

(-2.13 to -0.083) 

0.35 

(0.12 to 0.92) 

Study-level covariate USA claims Prevalence 

-1.01 

(-1.04 to -0.97) 

0.36  

(0.35 to 0.38) 

Study-level covariate TWN claims Prevalence 

-2.17  

(-4.77 to -0.31) 

0.11  

(0.0085 to 0.73) 

Location covariate Alcohol  Prevalence 0.0014 1.00  
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(litres per capita) (0.000057 to 

0.0036) 

(1.00 to 1.00) 

Location covariate 

Scaled exposure 

variable for unsafe 

water access Prevalence 

4.97 

(4.92 to 5.00) 

144  

(137 to 148) 

Location covariate 

Healthcare Access 

and Quality index 

Excess 

mortality rate 

-0.033 

(-0.033 to -0.032) 

0.97 

(0.97 to 0.97) 
Based on model # 334739 

Complicated gastritis and duodenitis 

The DisMod model for complicated gastritis and duodenitis included incidence data as described above. 

The prior value of incidence was bounded to 0 to 0.3, the prior value of excess mortality rate was 

bounded to 0.1 to 10, and the prior value of remission was bounded to 6 to 13 cases of remission per 

person-year (disease duration 4 to 8.7 weeks). A location-level covariate for a Healthcare Access and 

Quality index was applied to excess mortality ratio, and location-level covariates for the log-transformed 

age-standardised death rate due to gastritis and duodenitis, per capita alcohol consumption, and unsafe 

water access were applied to incidence. 

Betas and exponentiated values (which can be interpreted as odds ratios) are shown in the table below 

for study-level and location-level covariates.  

 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Location covariate 

Natural log of age-

standardised death 

rate Incidence 

0.000088  

(0.000013 to 

0.00041) 

1.00 

(1.00 to 1.00) 

Location covariate 

Alcohol (litres per 

capita) Incidence 

0.0016 

(0.000056 to 0.0055) 

1.00 

(1.00 to 1.00) 

Location covariate 

Scaled exposure 

variable for unsafe 

water access Incidence 

2.97 

(2.91 to 3.00) 

19.5 

(18.3 to 20.1) 

Location covariate 

Healthcare Access 

and Quality index 

Excess 

mortality rate 

-0.5  

(-1 to 0) 

0.61 

(0.37 to 1.00) 

Based on model # 346799 

 

Acute gastritis and duodenitis, without complication 

The DisMod model for acute, uncomplicated gastritis and duodenitis included incidence data as described 

above. The reference case was adjusted hospital discharge data and Taiwanese claims data, and a study-

level covariate was applied to United States claims data. Incidence was forced to 0 through age 5 years, 

the range of prior values on excess mortality rate was bounded to 0 to 0.1, and the range of prior values 

on remission was bounded to 6 to 13 cases per person-year. Location-level covariates were applied for 

log-transformed, lag-distributed income (on excess mortality rate), log-transformed age-standardised 
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death rate due to gastritis and duodenitis (on incidence), and for per capita alcohol consumption (on 

incidence). 

Betas and exponentiated values (which can be interpreted as odds ratios) are shown in the tables below 

for study-level and location-level covariates.  

 

Covariate type Covariate Parameter beta Exponentiated beta 

Location covariate 

Log-transformed lag-

distributed income 

Excess 

mortality rate 

-0.51  

(-1 to -0.0017) 

0.60 

(0.37 to 1.00) 

Location covariate 

Alcohol (litres per 

capita) Incidence 

0.055 

(0.048 to 0.061) 

1.06 

(1.05 to 1.06) 

Location covariate 

Natural log of age-

standardised death 

rate Incidence 

0.0012 

(0.0000099 to 

0.0039) 

1.00 

(1.00 to 1.00) 

Based on model # 330032 

 

Summary of changes  

Compared to GBD 2016, GBD 2017 differs in data inputs and strategy. The total gastritis and duodenitis 

database includes more location-years of hospital discharge data and more years of United States claims 

data, and adds the new source of Taiwanese claims data. Claims data were extracted with a more 

stringent case definition, in that two outpatient encounters, rather than one, were required to meet the 

definition of a prevalent case for a given year in claims data; this decreased the total prevalent cases in 

claims data. Hospital discharge data preparation was improved; in GBD 2016, hospital encounters with 

gastritis and duodenitis ICDs as any diagnosis were adjusted to estimate individuals from encounters and 

adjusted to reflect that some facilities only provide primary diagnosis codes. However, there was no 

adjustment made to estimate outpatient cases, so this data input only captured hospitalised cases. In 

GBD 2017, the correction factors used to estimate outpatient cases from hospital discharges were 

improved as described in the related appendix, and this new correction factor was applied to hospital 

data for total gastritis and duodenitis; this increased the total prevalence in hospital data. The GBD 2017 

model also differed by using hospital discharge data as the reference case.   

 

Additionally, in GBD 2016, two DisMod models were done, one for total gastritis and duodenitis and one 

for gastritis and duodenitis, symptomatic episodes, and draws of the two models were subtracted to 

determine the asymptomatic portion. For the GBD 2016 symptomatic model, encounters in claims and 

hospital data were extracted as incident symptomatic episodes lasting 4-6 weeks, and hospital data were 

not adjusted to estimate outpatient episodes. In GBD 2017, total, complicated, and acute, uncomplicated 

disease requiring hospitalisation were explicitly modelled in DisMod. Draws from the total model were 

divided into asymptomatic, mild, and at least moderate disease using proportions and disability weights 

derived from MEPS; the use of MEPS to derive disability weights is derived in a separate appendix, but in 

brief, MEPS used a general population sample to identify individuals who had health care encounters of 

any kind in the preceding 12 months with gastritis or duodenitis codes. These individuals responded to a 

validated quality-of-life instrument with reference to the four preceding weeks, and disability weights 

were derived from these responses. 
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Gastroesophageal reflux disease 
 

Flowchart 

 

Case definition 

Gastroesophageal reflux disease (GERD) is a digestive disorder that develops when the reflux of stomach 

contents causes troublesome symptoms, complications, or both. The cardinal symptoms of typical GERD 

are heartburn (a burning feeling behind the breastbone) and regurgitation (the unpleasant sensation of 

material moving upward from the stomach toward the mouth). In GBD 2017 individuals with heartburn, 

regurgitation, or both, at least once weekly over a six- to 12-month recall period were regarded as having 

GERD.   

Individuals who experience oesophageal complications (ulceration, metaplasia, etc.) without symptoms, 

whose sole symptom of gastroesophageal reflux is chest pain without typical reflux symptoms, or who 

experience reflux primarily as a trigger or exacerbating factor in respiratory or head and neck diseases 

(chronic cough, dental erosion, etc.) are not included. This strategy avoids double-counting disability 

already attributed to other underlying diseases modelled in GBD. Likewise, we regarded newborn reflux 

as a separate disease, which is modelled elsewhere and excluded from this analysis. 

Input data 

Model inputs 

GERD was not modelled in rounds of GBD prior to 2017. A systematic review of peer-reviewed literature 

was conducted via PubMed to capture studies of GERD prevalence, incidence, and remission. The search 

terms were: 

( "gastroesophageal reflux disease"[MeSH Terms]  

OR "heartburn"[MeSH Terms]  

OR "GERD"[Title/Abstract]  

(No YLLs)

Literature

Prevalence

Incidence

Remission

Severity

Symptom frequency

Nonfatal database Dismod-MR 2.1

Prevalence by location/

year/age/sex for 

gastroesophageal 

reflux disease

Comorbidity 

correction (COMO)

Comorbidity 

adjusted 

YLDs

DALYs

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

  Covariates

Gastroesophageal reflux disease

Surveys

Prevalence

Study-level covariates

Alternative recall periods

Alternative minimum frequency

Score-based case definition

Regurgitation only, (heartburn only)

Question representativeness

Asymptomatic days

Severity of symptoms

Prevalence of 

asymptomatic, mild, 

and moderate 

sequelae

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Meta-analyses

Country-level covariates

(Healthcare access and quality indicator)

(BMI)
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OR "gastroesophageal reflux disease"[Title/Abstract]  

OR "heartburn"[Title/Abstract]  

OR "GORD"[Title/Abstract]  

OR "GER"[Title/Abstract]  

OR "acid reflux"[Title/Abstract]  

O‘ ゎH;ヴWデデげゲ Wゲophagus"[ Title/Abstract]  

OR "reflux disease"[ Title/Abstract]  

OR "hiatal hernia"[ Title/Abstract]  

OR ("achalasia"[Title/Abstract] AND "cardia"[Title/Abstract])  

OR ( 

("gastroesophageal"[Title/Abstract] OR "gastro oesophageal"[Title/Abstract] OR 

"esophagus"[Title/Abstract] OR "esophageal"[Title/Abstract])  

AND ("hernia"[Title/Abstract] OR "ulcer"[Title/Abstract] OR "obstruction"[Title/Abstract] OR 

"perforation"[Title/Abstract] OR "laceration"[Title/Abstract] OR "dyskinesia"[Title/Abstract] OR 

"diverticulum"[Title/Abstract]) 

)  

AND ("prevalence"[Title/Abstract] OR "incidence"[Title/Abstract)  

AND ("1990/01/01"[PDAT] : "2017/07/26"[PDAT])  

NOT( animals[MeSH] NOT humans[MeSH]) 

 ) 

Studies were included if cases were identified from a general population defined only by location and 

years of observation, or the source population was arguably representative of such a population, and 

results included one or more estimates of prevalence, incidence, or remission of GERD. Due to diverse 

case definitions encountered, studies that defined cases based on symptom-based questionnaires, self-

reported diagnosis, diagnostic codes in facilities or claims data, or using one of several diagnostic tests 

(pH manometry, oesophagoduodenoscopy, trial of empiric therapy) were all included, but studies had to 

include sufficient information on case definition and diagnostics to identify those needing adjustment to 

our standard case-definition. Studies that were conducted in a clinically or demographically defined 

subpopulation or were otherwise non-representative, or where source population was not adequately 

described, were excluded. Studies that did not provide sufficient uncertainty information were excluded 

(percent prevalence reported without sample size, standard deviation, or confidence interval). All studies 

of incidence and remission provided inadequate information on person-time of observation and loss to 

follow-up, and so they were excluded. Some studies could not be extracted due to lack of translation.  

Modelling studies and meta-analyses were not included as input data.    

The USA National Health Interview Surveys in 2007 and 2012 asked participants about the occurrence of 

typical reflux symptoms, and these data were included in our analysis. 

Due to the indolent course of illness and widespread availability of effective over-the-counter 

medications to treat typical reflux symptoms, clinical data from outpatient or inpatient facilities and 

claims data were considered poorly representative of GERD and were not used in this analysis. 
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Data were marked as outliers and excluded if relatively high values in young age groups led to 

overestimation of subnational pseudo-random effects and poor model fit, or if we found them 

unreasonable when compared to regional, super-regional, and global rates. 

Gastroesophageal reflux disease 

 Prevalence 

Site-years (total) 140 

Number of countries with data 39 

Number of GBD regions with data (out of 21 regions) 11 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Severity split & disability weight 

Throughout the literature, the severity of GERD is often divided into three or four categories, using 

definitions such as those in the table below. We reviewed the studies in the literature review above 

(population-based studies of prevalence) and, if provided, extracted counts of cases of each severity as 

reported. These cases were then mapped to one of two GBD 2017 GERD severities (also shown in the 

table below).  These categories were mapped to GBD health states, which are associated with disability 

weights. The basis of the GBD disability weight survey assessments are lay descriptions of sequelae 

highlighting major functional consequences and symptoms, also shown below. The proportion of cases in 

each of the GBD 2017 GERD severities was calculated for the pooled total cases, along with standard 

deviations based on a simple proportion model. 

Literature severity levels GBD severity level Lay description 

Mild: can be ignored Mild/moderate Often has a burning sensation in the back 

of the chest after eating 

Moderate: cannot be ignored 

but does not affect lifestyle 

Mild/moderate Often has a burning sensation in the back 

of the chest after eating 

Severe: affects lifestyle Severe 

(abdom_mod) 

Has pain in the belly* and feels nauseous.  

Has difficulty with daily activities. 

Very severe: has marked effect 

on lifestyle 

Severe 

(abdom_mod) 

Has pain in the belly* and feels nauseous.  

Has difficulty with daily activities. 
*We acknowledge that gastroesophageal reflux symptoms are felt in the chest, not the belly, but opine that a health state that incorporates 

other gastrointestinal symptoms and indicates interference with daily activities, such as difficulty eating and sleeping, better represents more 

severe gastroesophageal reflux disease than a health state that describes only post-prandial heartburn. 

Many studies in the literature also report the frequency of GERD symptoms as the proportions of cases in 

each of a set of mutually exclusive and collectively exhaustive frequency categories. Examples include: 1-6 

days/week and daily; 1 day/week, 2-6 days/week and daily; 1-3 days/week, 4-6 days/week and daily; etc.  

For each study, for each frequency category, 1,000 proportion draws were generated using a beta 

distribution with case counts in and out of the frequency category as shape parameters. These proportion 

draws were combined with the assumption that the number of days symptomatic within a category are 

uniformly distributed to produce draws of the mean number of days/week symptomatic across all cases 

in a study. Means and standard deviations of these draws were combined in a meta-analysis, and final 

mean and standard deviation were divided by 7 to estimate the proportion of cases symptomatic on a 

given day, with uncertainty.  
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Severity and frequency distributions were determined only for cases that already met minimum severity 

and frequency criteria to meet our reference case definition, as given above. Severity and frequency 

categories were combined to generate four categories, as shown below.   

GBD severity-frequency category DW (95% CI) 

Mild/moderate GERD, asymptomatic days None 

Mild/moderate GERD, symptomatic days 0.027 (0.015に0.046) 

Severe GERD, asymptomatic days None 

Severe GERD, symptomatic days 0.114 (0.080に0.159) 

 

Modelling strategy  

A full compartmental model of GERD epidemiology was developed using DisMod-MR 2.1. Only prevalence 

data were included. Excess mortality was assumed a priori to be 0, and remission prior was set to 0.2 to 

0.5 cases per person-year. Incidence was forced to 0 from birth to age 5 years, and after this age prior 

was set to 0 to 0.2 cases per person-year. We included study-level covariates for alternative recall periods 

(unspecified, 3 months, or 1 month or less), for alternative minimum symptom frequencies (no minimum 

frequency, frequency once per month or more), for use of a score-based case-definition that synthesised 

severity, number, and frequency of symptoms, for use of a case-definition based on a single cardinal 

reflux symptom (regurgitation only), aﾗヴ ゲデ┌SｷWゲ ┘ｴWヴW デｴW ゲ;ﾏヮﾉWげゲ ヴWヮヴWゲWﾐデ;デｷ┗WﾐWゲゲ ┘;ゲ IﾗﾐゲｷSWヴWS 
questionable, and for data extracted from a report from a national survey, rather than a peer-reviewed 

publication. We considered study-level covariates for six-month versus 12-month recall, but these were 

not found to be predictive. We also considered country-level covariates for mean body-mass index and 

for Healthcare Access and Quality index, but these were also not predictive after accounting for study 

design variation, so were removed from the model.  Betas and exponentiated values (which can be 

interpreted as odds ratios) are shown in the tables below for study-level covariates and country-level 

covariates.  

 

Covariate type Covariate Parameter Beta Exp(beta) 

Study-level Recall unspecified Prevalence 

0.087  

(-0.13 to 0.28) 

1.09 

(0.88 to 1.32) 

Study-level Recall <= 1 month Prevalence 

-0.65  

(-0.96 to -0.35) 

0.52  

(0.38 to 0.70) 

Study-level Recall 3 months Prevalence 

-0.3  

(-0.55 to -0.066) 

0.74  

(0.58 to 0.94) 

Study-level 

No minimum symptom 

frequency Prevalence 

0.57  

(0.32 to 0.83) 

1.76  

(1.37 to 2.30) 

Study-level 

Once monthly or more 

frequent symptoms Prevalence 

0.22  

(-0.12 to 0.57) 

1.24  

(0.89 to 1.78) 

Study-level Diagnostic score Prevalence 

0.66 

(0.41 to 0.91) 

1.94 

(1.51 to 2.48) 

Study-level 

Only asked about 

regurgitation Prevalence 

-0.62  

(-0.93 to -0.31) 

0.54  

(0.39 to 0.73) 

Study-level 

Representativeness 

questionable Prevalence 

0.19  

(-0.014 to 0.39) 

1.21  

(0.99 to 1.48) 

Study-level Survey data Pravalence 

-0.39  

(-0.79 to -0.036) 

0.67  

(0.045 to 0.97) 
Based on model # 331784 
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Appendicitis 
 

Flowchart 

Input data
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Results

Database
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Nonfatal

Burden estimation
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Covariates

Input Data

Inpatient hospital 

data
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Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by location/

year/age/sex for 

appendicitis

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Appendicitis

Claims data に 
inpatient visits

Computing excess 

mortality from 

available incidence & 

CSMR data

Study-level covariates:

1. Claims data 2000 

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Adjustment from 

primary code to all 

code based on 

Claims data

Adjusted inpatient 

data

Location-level covariates:

1. LDI (excess mortality)

2. HAQI (excess mortality)

3. fiber (incidence)

 

Case definition 

Appendicitis is an inflammation of the appendix that causes nausea, vomiting, and sharp pain in the right 

lower abdomen. Appendicitis requires surgery, or septic shock may set in and the patient will be at risk 

for severe complications, including sepsis and death. ICD-10 codes included are K35-K35.3, K35.8, K35.80, 

K35.89, K35.9, K36, K36.0, K37, K37.0, K37.9, and K38.3. 

Input data 

Model inputs 

For GBD 2017, the data used for appendicitis are hospital inpatient data, USA claims data for 2000 and 

2010 through 2014 by USA state, and Taiwan claims data for 2016. Descriptions of search strategies for 

hospital and claims data are included elsewhere in the appendix. The agreed-upon approach for 

appendicitis was to rely primarily on these data sources and not conduct a formal literature review. Data 

were outliered or excluded if we found them unreasonable when compared to regional, super-regional, 

and global rates. 

Table 1. Site-years of data by different measures and geographical coverage 

 Incidence  

Site-years (total) 1408 

Number of countries with data 43 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms.  

Table 2. Severity level and lay description.  

Severity split Lay description DW (95% CI) 

Appendicitis, severe This person has severe pain in the belly and feels 

nauseated. The person is anxious and unable to carry 

out daily activities. 

0.324 (0.219に
0.442) 

 

Modelling strategy  

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate appendicitis prevalence by age, 

sex, year, and geography (subnational [select countries], country, region, super-region). Prior settings in 

the DisMod model included bounding remission from 25 to 27 (a duration of about two weeks) for all age 

groups and capping excess mortality at 0.31. We used study-level covariates to adjust incidence derived 

from USA claims data for 2000 toward the level of other incidence data points, which were more 

representative of the general population.  

 

We used the function in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our 

CODEm and CODcorrect analyses and match with prevalence data points for the same geography. We 

calculated excess mortality rate to estimate priors by dividing CSMR by prevalence. We also applied a 

fibre (g per day) country-level covariate to incidence, forcing a positive relationship with a lower bound of 

0. A lag-distributed income (LDI) covariate was applied to excess mortality, log-transformed and forced 

negative with an upper bound of 0 and a lower bound of -1. Similarly, a Healthcare Access and Quality 

index (HAQI) covariate was also forced negative (-2, 0) on excess mortality. 

 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables 

below for study-level covariates and country-level covariates: 

 

Table 3. Study-level beta and exponentiated values 

Covariate Parameter beta Exponentiated beta 

Inpatient-only 

MarketScan, year 2000 Incidence 
0.057 (0.019に0.096) 1.06 (1.02に1.10) 

 

Table 4 Location-level beta and exponentiated values 

Covariate Parameter beta Exponentiated beta 

Fibre adjusted (g) Incidence 
 

-0.033 (-0.036 to -0.029) 
0.97 (0.96に0.97) 

LDI (I$ per capita) Excess mortality rate 
-0.00072 (-0.0021 to -

0.000075) 
1.00 (1.00に1.00) 

Healthcare Access and 

Quality index Excess mortality rate 

 

-0.0045 (-0.0052 to -

0.0037) 

1.00 (0.99に1.00) 
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Paralytic ileus and intestinal obstruction 
 

Flowchart 

Inpatient hospital 
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Case definition 

Paralytic ileus and intestinal obstruction is a lack of digestive propulsion caused by failed peristalsis, 

typically requiring surgery. ICD code for paralytic ileus and intestinal obstruction is K56. 

Input data 

Model inputs 

For GBD 2017, the data used for paralytic ileus and intestinal obstruction were hospital inpatient data, 

USA claims data for 2000 and 2010 through 2014 by USA state, and Taiwan claims data for 2016 primary 

diagnoses only. Descriptions of search strategies for hospital and claims data are included elsewhere in 

the appendix. The agreed-upon approach for paralytic ileus and intestinal obstruction was to only use 

these data sources, and not conduct a literature review. Data were outliered or excluded if we found 

them unreasonable when compared to regional, super-regional, and global rates. 

Table 1. Site-years of data by different measures and geographical coverage 

 Incidence  

Site-years (total) 1437 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions 7 

 

Severity splits 

The basis of the GBD disability weight survey assessments is lay descriptions of sequelae highlighting 

major functional consequences and symptoms.  
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Table 2. Severity level and lay description.  

Severity level Lay description DW (95% CI) 

Paralytic ileus and 

intestinal obstruction, 

severe 

This person has severe pain in the belly and feels 

nauseated. The person is anxious and unable to 

carry out daily activities. 

0.324 (0.219に0.442) 

 

Modelling strategy  

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate paralytic ileus and intestinal 

obstruction prevalence by age, sex, year, and geography (subnational [select countries], country, region, 

super-region). 

Paralytic ileus and intestinal obstruction was modelled with remission set between 25 and 26 for all age 

groups, implying a duration of approximately two weeks. We also set a prior for the maximum incidence 

of 0.002 for ages 0 to 5. The reference data were hospital inpatient data and USA claims (2010に2014) and 

Taiwan claims (2016). Study-level covariates were used to adjust incidence derived from USA claims data 

for 2010 toward these reference data points.  

 

We used the function in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our 

CODEm and CODcorrect analyses and match with incidence data points for the same geography. We 

calculated the excess mortality rate to estimate priors by dividing CSMR by incidence/remission. We also 

applied location-level covariates: fibre consumption to incidence with an upper bound of 0 and a lower 

bound of -2, a lag-distributed income covariate to excess mortality, log-transformed and forced negative 

with an upper bound of 0 and a lower bound of -1, and a Healthcare Access and Quality (HAQ) index 

covariate with an upper bound of 0 and lower bound of -2. We restricted location random effects to (-0.5, 

0.5) in various GBD regions and super-regions (Central Europe, Eastern Europe, Central Asia, South Asia, 

Latin America and the Caribbean, North Africa and Middle East, high-Income, Southeast Asia, East Asia, 

Oceania and sub-Saharan Africa).  

 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables 

below for study-level covariates and country-level covariates: 

 

Table 3. Study-level beta and exponentiated values 

Covariate Parameter beta Exponentiated beta 

Inpatient-only 

MarketScan, year 2000 Incidence 
-0.2 ( -0.23 to -0.18) 0.82 (0.79に0.84) 

 

 

Table 4 Location-level beta and exponentiated values 

Covariate Parameter beta Exponentiated beta 

Fibre adjusted (g) Incidence -0.075 ( -0.12 to -0.055) 0.93 (0.89に0.95) 

LDI (I$ per capita) Excess mortality rate -0.24 ( -0.27 to -0.21) 0.79 (0.76に0.81) 

Healthcare Access and 

Quality index Excess mortality rate 

 

-0.032 ( -0.034 to -0.031) 
0.97 (0.97に0.97) 
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Inguinal, femoral, and abdominal hernias 
 

Flowchart 

 

Case definition 

Hernia refers to when an internal organ protrudes through an opening in the tissue that holds it in place. 

Inguinal, femoral, and abdominal hernia comprises the disorders in which portions of the digestive tract 

protrude through defects in the walls of the abdominal cavity. These occasionally lead to life-threatening 

acute complications, but more commonly are asymptomatic or cause chronic or intermittent pain. 

Symptomatic hernias are surgically repaired. ICD10 codes are K40, K41, K42, K44, K45, and K46 and all 

their 4-digit and 5-digit constituents. The ICD9 codes are 550, 551, 552, 553 and their constituents, with 

the exceptions of 551.1-3, 552.1-3, and 553.1-3.  

Input data 

Model inputs 

For GBD 2017, two databases were developed for inguinal, femoral, and abdominal hernia: total and 

symptomatic.   

Data for total hernia included outpatient data from the USA, Sweden, and Norway; claims for inpatient 

and outpatient encounters submitted to commercial insurance in the USA in 2000, 2010, and 2012; and 

international hospital discharge data. Outpatient data from Norway and claims data from the USA are 

provided for individuals and link multiple encounters. Individuals from claims datasets were extracted as 

prevalent cases if they had one or more inpatient encounters or two or more outpatient encounters. 

Outpatient data from the USA and Sweden and all inpatient data are provided at the encounter level; 

encounters with a relevant ICD code as any diagnosis were adjusted using claims data to estimate 
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prevalent cases. Remission estimates were derived from a single, large study of mean wait times for 

elective surgical repair in OECD countries performed by Siciliani and colleagues. Survey and literature data 

were otherwise not included. 

To model symptomatic hernia, data from international hospital discharges and claims data for inpatient 

encounters submitted to commercial insurance in the USA in 2000, 2010, and 2012 were used. Inpatient 

claims were extracted as prevalent cases if one or more encounter had a hernia ICD code as any 

diagnosis. Hospital discharges were extracted if hernia was the primary diagnostic code, and they were 

adjusted using claims data to estimate the number of unique cases represented by the discharges. 

Remission was again estimated based on elective surgery wait times as described above. 

Data were considered for exclusion as outliers if they were found to be unreasonable when compared to 

regional, super-regional, and global rates, but none were found to meet these criteria and all data were 

included. 

The tables below show the number of studies or sources included in GBD 2017, as well as the number of 

countries and GBD world regions represented.  

Total inguinal, femoral, and abdominal hernias 

 

 Prevalence Incidence Remission 

Site-years (total) 1499 1 570 

Number of countries with data 45 1 33 

Number of GBD regions with data (out of 21 regions) 16 1 9 

Number of GBD super-regions with data (out of 7 super-regions) 7 1 4 
Based on facilities and claims data refresh 6 

Inguinal, femoral, and abdominal hernias, symptomatic episodes 

 

 Prevalence Remission 

Site-years (total) 1162 1122 

Number of countries with data 42 33 

Number of GBD regions with data (out of 21 regions) 15 9 

Number of GBD super-regions with data (out of 7 super-regions) 7 4 
Based on facilities and claims data refresh 3 

Severity split and disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. Prevalent cases of symptomatic hernia were divided 

according to severity distributions derived from data from the Medical Expenditure Panel Survey (MEPS) 

to assign them to mild, moderate, and severe sequelae. Asymptomatic cases were assigned no disability. 

The lay descriptions and disability weights for inguinal, abdominal, and femoral hernias are shown below. 

Severity split Lay description DW (95% CI) 

Asymptomatic inguinal, 

abdominal, and femoral 

hernia 

-- 0 
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Mild inguinal, 

abdominal, and femoral 

hernia, symptomatic 

episodes 

This person has some pain in the belly that causes 

nausea but does not interfere with daily activities. 

0.011 (0.005に0.021) 

Moderate inguinal, 

abdominal, and femoral 

hernia, symptomatic 

episodes 

This person has pain in the belly and feels nauseous. 

The person has difficulties with daily activities. 

 

0.114 (0.080に0.159) 

Severe inguinal, 

abdominal, and femoral 

hernia, symptomatic 

episodes 

This person has severe pain in the belly and feels 

nauseated. The person is anxious and unable to carry 

out daily activities. 

0.324 (0.219に0.442) 

 

Modelling strategy  

Two separate, full, compartmental models for inguinal, femoral, and abdominal hernia に total and 

symptomatic に were developed, using the databases described above as inputs into DisMod-MR 2.1. For 

the total model, reference data were hospital discharge data, and claims and outpatient data were 

marked with study-level covariates; DisMod was allowed to solve for the coefficients for these covariates 

with broad range of prior values (-2 to 2).  For the symptomatic model, reference data were claims from 

the United States in 2012, and hospital discharge data and claims from 2000 and 2010 were marked with 

study-level covariates; the prior values on the coefficients for these covariates were restricted to a range 

of negative values near the coefficient from GBD 2016, and these coefficients were determined by a 

regression analysis that used only data from locations with multiple sources. DisMod-MR 2.1 was set to 

pull in cause-specific mortality rate (CSMR) data from our CODEm and CoDcorrect analyses and match 

with geography.   

 

For total hernia, the model assumed some hernias were prevalent at birth, with incidence of new hernia 

set to 0 for the first year of life. The prior value on remission was bounded from 0 to 5 (a minimum 

duration of about ten weeks). The incidence prior on symptomatic hernia was bounded to 0 to 0.02. 

 

A lag-distributed income covariate was applied to remission and excess mortality in both total and 

symptomatic models. Additional covariates on prevalence were included in the total model: lag-

distributed income, smoking prevalence, and mean body-mass index. Betas and exponentiated values 

(which can be interpreted as an odds ratio) are shown in the tables below for study-level covariates and 

location-level covariates.  

 

Total inguinal, femoral, and abdominal hernias 

 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Claims data - 2000 Prevalence 

0.35  

(0.30 to 0.40) 

1.42 

(1.36 to 1.48) 

Study-level covariate Claims data - 2010 Prevalence 

0.67  

(0.63 to 0.72) 

1.96  

(1.88 to 2.05) 

Study-level covariate Claims data - 2012 Prevalence 

0.72 

(0.68 to 0.76) 

2.05 

(1.97 to 2.14) 
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Study-level covariate Outpatient data Prevalence 

-1.99 

(-2 to -1.96) 

0.14  

(0.14 to 0.14) 

Country covariate LDI (I$ per capita) Incidence 

-0.0013 

(-1.94 to 1.99) 

1.00 

(0.14 to 7.31) 

Country covariate LDI (I$ per capita) 

Excess mortality 

rate 

-0.00052 

(-0.0016 to -0.00003) 

1.00 

(1.00 to 1.00) 

Country covariate LDI (l$ per capita) Remission 

1.03 

(0.89 to 1.14) 

2.81  

(2.43 to 3.14) 

Country covariate 

Smoking 

prevalence Prevalence 

0.40 

(0.17 to 0.64) 

1.48 

(1.19 to 1.91) 

Country covariate 

Mean body-mass 

index Prevalence 

-0.00017 

(-0.00067 to -

0.000024) 

1.00 

(1.00 to 1.00) 
Based on model #277430 

 

Inguinal, femoral, and abdominal hernias, symptomatic episodes  

 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Hospital data Prevalence 

-1.23 

(-1.27 to -1.2) 

0.29 

(0.28 to 0.30) 

Study-level covariate Claims data - 2000 Prevalence 

-0.64 

(-0.68 to -0.6) 

0.53 

(0.50 to 0.55) 

Country covariate LDI (I$ per capita) 

Excess mortality 

rate 

-0.00049  

(-0.0016 to -0.00002) 

1.00 

(1.00 to 1.00) 

Country covariate LDI (l$ per capita) Remission 

0.90 

(0.64 to 0.97) 

2.45 

(1.89 to 2.65) 
Based on model #211640 

 

We calculated prevalence of asymptomatic hernias by subtracting the estimated prevalence of 

symptomatic hernias from our estimated prevalence of total hernias. 

Summary of changes 

Compared to GBD 2016, GBD 2017 differs by including more location-years of hospital discharge data, 

including outpatient data from United States, Sweden, and Norway in estimation of total prevalence, 

choosing hospital discharge data as the reference case for total prevalence, and excluding fewer data as 

outliers in both total and symptomatic models. In GBD 2016, all NID-sex-location-year series with age-

standardised mean prevalence more than 1.75x higher or less than 0.25x lower than the mean among 

USA states were marked as outliers, and this exclusion criterion was not employed this year. 
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Inflammatory bowel disease 
 

Flowchart 

 

Case definition 

Inflammatory bowel disease comprises digestive disorders resulting from inflammation of the colon and 

gastrointestinal tract, predominantly Cヴﾗｴﾐげゲ SｷゲW;ゲW ふｷﾐaﾉ;ﾏﾏ;デｷﾗﾐ ﾗa デｴW ゲﾏ;ﾉﾉ ;ﾐS ﾉ;ヴｪW ｷﾐデWゲデｷﾐWぶ ;ﾐS 
ulcerative colitis (inflammation of the colon and rectum). These disorders are diagnosed by endoscopy, 

imaging studies, or biopsy, in a patient with appropriate clinical signs and symptoms. In some cases of 

ｷﾐaﾉ;ﾏﾏ;デﾗヴ┞ Hﾗ┘Wﾉ SｷゲW;ゲWが ﾐWｷデｴWヴ Cヴﾗｴﾐげゲ Sisease nor ulcerative colitis can be definitively diagnosed, 

and a diagnosis of inSWデWヴﾏｷﾐ;デW Iﾗﾉｷデｷゲ ｷゲ ;ヮヮﾉｷWSが ｷﾐSWaｷﾐｷデWﾉ┞が ﾗヴ ┌ﾐデｷﾉ SWaｷﾐｷデｷ┗W aW;デ┌ヴWゲ ﾗa Cヴﾗｴﾐげゲ ﾗヴ 
ulcerative colitis declare themselves. ICD codes are K50 aﾗヴ Cヴﾗｴﾐげゲ SｷゲW;ゲW, K51 for ulcerative colitis, and 

K52 for indeterminate colitis. 

Input data 

Model inputs 

GBD 2017, like GBD 2016, utilised two separate databases for inflammatory bowel disease, one each for 

ulcerative Iﾗﾉｷデｷゲ ;ﾐS Cヴﾗｴﾐげゲ SｷゲW;ゲWく Bﾗデｴ ｷﾐIﾉ┌SW S;デ; aヴﾗﾏ ﾉｷデWヴ;デ┌ヴW, hospital discharges, and claims 

data from the United States from 2000, 2010 and 2012. Claims data link multiple inpatient and outpatient 
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claims to a single individual; prevalent cases were extracted if an individual had at least one inpatient or 

outpatient encounter with an appropriate ICD code as any diagnosis, and correction factors were derived 

to apply to other data sources. Data from hospital discharges were adjusted using correction factors from 

claims, converting encounters to estimates of cases, correcting for some facilities providing only primary 

diagnostic codes, and estimating outpatient cases from inpatient cases. Literature data came from a 

systematic review conducted for GBD 2016. In brief, a single systematic review of literature was 

conducted to capture studies of prevalence and incidence for all inflammatory bowel diseases. Studies 

were excluded if they were not representative of the national population, or if they had insufficient study 

and sampling methods. Reviews were excluded from the search results.  

Data were marked as outliers or excluded if we found them unreasonable when compared to regional, 

super-regional, and global rates.  

The tables below show the number of studies or sources included in GBD 2017, as well as the number of 

countries and GBD world regions represented. 

Non-infective inflammatory bowel disease due to ulcerative colitis 

 

 Prevalence Incidence Case fatality 

Site-years (total) 1241 282 3 

Number of countries with data 51 52 2 

Number of GBD regions with data  

(out of 21 regions) 

17 13 1 

Number of GBD super-regions with data  

(out of 7 super-regions) 

7 6 1 

From facilities and claims data refresh 3  

Non-infective inflammatory bowel disease S┌W デﾗ Cヴﾗｴﾐげゲ disease 

 Prevalence Incidence Case fatality  Excess mortality 

Site-years (total) 1183 270 1 1 

Number of countries with data 50 49 1 1 

Number of GBD regions with data  

(out of 21 regions) 

17 12 1 1 

Number of GBD super-regions with data  

(out of 7 super-regions) 

7 5 1 1 

From facilities and claims data refresh 3 

Disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. For GBD 2017, we used the Medical Expenditure Panel 

Survey to find the proportion of ulcerative colitis and Cヴﾗｴﾐげゲ SｷゲW;ゲW asymptomatic versus symptomatic 

during a given four-week period. The lay descriptions and disability weights for sequelae associated with 

inflammatory bowel disease are shown below. 

Severity split Lay description DW (95% CI) 

Cヴﾗｴﾐげゲ SｷゲW;ゲWが 
currently asymptomatic 

-- 0 
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Cヴﾗｴﾐげゲ SｷゲW;ゲW, 

symptomatic 

This person has cramping abdominal pain, has 

diarrhoea several times a day, and feels very tired for 

two months every year. When the person does not 

have symptoms, there is anxiety about them 

returning. 

0.231 (0.156に0.32) 

Ulcerative colitis, 

currently asymptomatic 

-- 0 

Ulcerative colitis, 

symptomatic  

This person has cramping abdominal pain, has 

diarrhoea several times a day, and feels very tired for 

two months every year. When the person does not 

have symptoms, there is anxiety about them 

returning. 

0.231 (0.156に0.32) 

*The numerous sequelae generated from exclusive combinations of anaemia and inflammatory bowel disease each contain custom disability 

weights. More information can be found in the appendix detailing disability weights 

Modelling strategy  

The modelling strategy for all inflammatory bowel disease encompasses separate DisMod models for 

┌ﾉIWヴ;デｷ┗W Iﾗﾉｷデｷゲ ;ﾐS Cヴﾗｴﾐげゲ SｷゲW;ゲWが ┘ｴｷIｴ ;ヴW デｴWﾐ ;Sﾃ┌ゲデWS デﾗ ;IIﾗ┌ﾐデ aﾗヴ ｷﾐaﾉ;ﾏﾏ;デﾗヴ┞ Hﾗ┘Wﾉ SｷゲW;ゲW 
due to indeterminate colitis.  

 

Non-infective inflammatory bowel disease due to ulcerative colitis, pre-adjustment (for indeterminant 

colitis) 

 

The DisMod model for ulcerative colitis used prevalence and incidence data as described above.  

Reference data were claims from the United States from 2012, and study-level covariates were used to 

mark data from literature, hospital discharges, United States claims in 2000 and 2010, and the Medical 

Expenditure Panel Survey.  Prior value on remission was set to 0 for all age groups, and an incidence prior 

value was set to 0 only for ages 0 to 1. Location-level covariates were log-transformed lag-distributed 

income and a Healthcare Access and Quality index (both on excess mortality) and absolute value of 

average latitude and log-transformed age-standardised death rate due to IBD (on prevalence). Betas and 

exponentiated values (which can be interpreted as an odds ratio) are shown in the tables below for study-

level covariates and location-level covariates. 

 

Covariate type Covariate Parameter beta Exponentiated beta 

Study-level covariate Hospital inpatient Prevalence 

0.40 

(0.40 to 0.40) 

1.49 

(1.49 to 1.49) 

Study-level covariate 

Medical 

Expenditure Panel 

Survey Prevalence 

-0.0092 

(-0.044 to -0.00013) 

0.99  

(0.96 to 1.00) 

Study-level covariate Literature Prevalence 

-0.0043 

(-0.013 to -0.000047) 

1.00 

(0.99 to 1.00) 

Study-level covariate 

USA claims data - 

2000 Prevalence 

-0.012 

(-0.04 to -0.00056) 

0.99 

(0.96 to 1.00) 

Study-level covariate 

USA claims data - 

2010 Prevalence 

-0.0012  

(-0.0035 to -

0.0000015) 

1.00 

(1.00 to 1.00) 
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Location covariate 

Absolute value of 

average latitude Prevalence 

0.049 

(0.048 to 0.050) 

1.05  

(1.05 to 1.05) 

Location covariate 

Natural log of age-

standardised 

death rate due to 

IBD Prevalence 

0.24 

(0.21 to 0.26) 

1.27 

(1.23 to 1.30) 

Location covariate LDI (I$ per capita) 

Excess mortality 

rate 

-0.5 

(-0.99 to -0.017) 

0.61 

(0.37 to 0.98) 

Location covariate 

Healthcare Access 

and Quality index 

Excess mortality 

rate 

-0.5 

(-1 to -0.029) 

0.60 

(0.37 to 0.97) 
Based on model: 213476 

 

Non-infective inflammatory bowel disease due to Crohn disease, pre-adjustment (for indeterminant 

colitis) 

 

TｴW DｷゲMﾗS ﾏﾗSWﾉ aﾗヴ Cヴﾗｴﾐげゲ SｷゲW;ゲW used incidence and prevalence data as described above.  

Reference data were hospital discharge data and United States claims data from 2012. Study-level 

covariates were used to mark data from literature, the Medical Expenditure Panel Survey, and United 

States claims data from 2000 and 2010.  Prior value on remission was set to 0 for all age groups and on 

incidence prior value was set to 0 only for ages 0 to 2. Location-level covariates were log-transformed lag-

distributed income and a Healthcare Access and Quality index (both on excess mortality) and log-

transformed age-standardised death rate due to IBD (on prevalence). 

 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level 

covariate 

Medical 

Expenditure Panel 

Survey Prevalence 

-0.0072 

(-0.028 to -0.00016) 

0.99 

(0.97 to 1.00) 

Study-level 

covariate Literature Prevalence 

-0.0035  

(-0.01 to -0.000079) 

1.00 

(0.99-1.00) 

Study-level 

covariate 

USA claims data に 

2000 Prevalence 

-0.00073 

(-0.0026 to -0.00012) 

1.00 

(1.00 to 1.00) 

Study-level 

covariate 

USA claims data - 

2010 Prevalence 

-0.000067 

(-0.000067 to -0.000067) 

1.00 

(1.00 to 1.00) 

Study-level 

covariate 

Natural log of age-

standardised 

death rate due to 

IBD Prevalence 

0.99 

(0.96 to 1.02) 

2.69 

(2.62 to 2.76) 

Location covariate LDI (I$ per capita) 

Excess 

mortality rate 

-0.88 

(-1 to -0.59) 

0.42 

(0.37 to 0.56) 

Location covariate 

Healthcare Access 

and Quality index 

Excess 

mortality rate 

-0.63 

(-0.99 to -0.052) 

0.53 

(0.37 to 0.95) 
Based on model: 213515 

 

In GBD 2015, a meta-analysis was conducted to determine the ratio of inflammatory bowel disease cases 

that are categorised as indeterminate colitis to cases that are characterised ;ゲ WｷデｴWヴ Cヴﾗｴﾐげゲ SｷゲW;ゲW ﾗヴ 
ulcerative colitis. The result of this meta-analysis was a mean ratio of 0.059 (0.047に0.071). The 

prevalence results of the DisMod models for ulcerative colitis and Crohnげゲ SｷゲW;ゲW were therefore 
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adjusted by multiplying by a normal distribution of draws from 1.059 (1.047に1.071) to account for all 

inflammatory bowel disease cases. 

 

Summary of changes 

Compared to GBD 2016, GBD 2017 added additional location-years of hospital discharge data.  
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Vascular intestinal disorders 
 

Flowchart 

 

Case definition 

Vascular intestinal disorders comprise ischaemic disorders and vascular malformations (ie, 

angiodysplasias). Ischaemia occurs when there is decreased blood supply to the gastrointestinal tract, 

causing injury to the bowel, and vascular malformations occur when blood vessels in the bowel grow 

inappropriately, predisposing to bleeding. Vascular intestinal disorders typically require surgical 

treatment. The ICD10 code for vascular intestinal disorders is K55; ischaemia and angiodysplasia are only 

distinguished at the level of 4-digit and 5-digit codes. Equivalent codes for ICD9 are 569.84, 569.85 and 

569.86 (for angiodysplasia), and 557 and its 4- and 5-digit constituents (for ischaemia). 

Input data 

Model inputs 

For GBD 2017, the data used for vascular intestinal disorders are hospital inpatient data and claims data 

from the United States and Taiwan. Literature and survey data, and data from outpatient facilities, are 

not included in this dataset. Inpatient claims are linked at the individual level and were extracted as 

incident cases, assuming multiple claims within a duration window relate to the same episode. Hospital 

discharges were extracted as encounters if any discharge diagnosis was an appropriate ICD code; these 

data were then adjusted using ratios from claims data to estimate the number of individuals represented 

and to account for some facilities only recording primary diagnoses.   

Hospital discharge data were highly heterogeneous; for each source-location-year-sex combination, age-

standardised mean was calculated, and the series was excluded if this was zero or was greater than three 
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times the median absolute deviation above or below the median. Data were further considered for 

exclusion if relatively high values in young age groups led to overestimation of subnational pseudo-

random effects and poor model fit, or if we found them unreasonable when compared to regional, super-

regional, and global rates, but no data for these models met these criteria for exclusion.  

The table below shows the number of data sources included in GBD 2017, as well as the number of 

countries or subnational units and GBD world regions represented. 

 Incidence 

Site-years (total) 1374 

Number of countries with data 41 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 
Based on facilities and claims data refresh 8 

Severity split and disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay description and disability weights for vascular 

intestinal disorders are shown below. All cases are assumed to be severe. 

Severity split Lay description DW (95% CI) 

Vascular intestinal 

disorders, severe 

This person has severe pain in the belly and feels 

nauseated. The person is anxious and unable to carry 

out daily activities. 

0.324 (0.219に
0.442) 

Modelling strategy  

The DisMod model for vascular intestinal disorders used incidence data as described above. The 

reference data were adjusted hospital discharges, and claims from the United States and Taiwan were 

marked with study-level covariates. DisMod-MR 2.1 was set to pull in cause-specific mortality rate (CSMR) 

data from CODEm and CoDcorrect analyses and match with incidence data points for the same 

geography.  

 

Prior settings included bounding remission from 2 to 12 (a duration from about four weeks to half a year) 

for all age groups and capping excess mortality at 10. A lag-distributed income covariate (log 

transformed) and a mean total cholesterol covariate were applied to incidence. A Healthcare Access and 

Quality index covariate was applied to excess mortality rate. 

 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables 

below for study-level covariates and location-level covariates. 

Covariate type Covariate Parameter Beta 

Exponentiated 

beta 

Study-level 

covariate USA claims Incidence 

-0.075 

(-0.12 to -0.036) 

0.93  

(0.88 to 0.97)  

Study-level 

covariate TWN claims Incidence 

2.93 

(2.74 to 3.00) 

18.7 

(15.5 to 20.0) 

Location 

covariate 

Cholesterol (total, 

mean per capita) Incidence 

0.0041 

(-0.066 to 0.062) 

1.00 

(0.94 to 1.06) 
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Location 

covariate LDI (I$ per capita) Incidence 

0.14 

(0.12 to 0.16) 

1.15 

(1.12 to 1.17) 

Location 

covariate 

Healthcare Access 

and Quality index 

Excess 

mortality rate 

-0.042 

(-0.043 to -0.041) 

0.96  

(0.96 to 0.96) 
Based on model version: 326390 

Summary of changes 

Compared to GBD 2016, GBD 2017 modelling of vascular intestinal disorders differed primarily by adding 

additional location-years of hospital discharge data, additional years of United States claims data and 

Taiwan claims data, and by making adjusted hospital discharge data the reference case. 
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Gallbladder and biliary diseases 
 

Flowchart 

Inpatient hospital data に 
extracted as prevalence and 

incidence for total/

symptomatic models

Survey Data

CSMR from 

CODEm

Nonfatal 

database
Dismod-MR 2.1

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Gallbladder and biliary diseases

Computing excess 

mortality from 

available incidence & 

CSMR data

Study-level and country-level 

covariates

1. Claims

2. Hospital Inpatient data

3. Logged Distributed Income

Age-sex 

splitting

Disability weights 

for each sequela

Unadjusted YLD 

by sequela

Claims data に extracted as 

prevalence for total 

gallbladder

Adjustment from 

primary code to all 

code based on 

Claims data

Adjusted inpatient 

data

Claims data に extracted as 

incidence for symptomatic 

gallbladder

Literature

Severity splits of 

symptomatic 

gallbladder

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Prevalence & Incidence by 

location/year/age/sex for 

symptomatic episodes of 

gallbladder and biliary 

disease

Prevalence & incidence by 

location/year/age/sex for 

total gallbladder and biliary 

disease

Subtract prevalence of 

symptomatic episodes from 

prevalence of total gallbladder 

and biliary disease

Prevalence of 

asymptomatic 

gallbladder and 

biliary disease

Medical Expenditure 

Panel Survey

Meta-analysis of % 

mild/mod/severe 

gallbladder disease

Prevalence of 

mild/mod/

severe 

symptomatic 

gallbadder 

disease

 

 

Input data and methodological summary 

 

Case definition 

Gallbladder and biliary diseases are digestive disorders including gallstones, cholecystitis, cholangitis, and 

other diseases of the gallbladder and biliary tract. Cholecystitis is an inflammation of the gallbladder, and 

cholangitis is an infection or inflammation of the bile duct, the result of a bacterial infection に both are 

often the result of gallstones. Gallbladder and biliary diseases, especially the presence of gallstones, can 

often be asymptomatic with periodic symptomatic episodes of severe abdominal pain, nausea, vomiting, 

and at times fever. ICD codes included are K80, K81, K82, and K83. 

Input data 
Model inputs 

In GBD 2016, chronic gallbladder and biliary diseases was renamed to total gallbladder and biliary 

diseases (total gallbladder disease). Data inputs are separate for the total gallbladder disease and 

symptomatic episode models. A systematic review of literature was conducted to capture studies of 

prevalence and incidence of gallbladder and biliary diseases. For GBD 2016, we performed a systematic 

literature search using PubMed. Studies not representative of the national population (ie, H. pylori 

cohorts, patients presenting with pain), studies without sufficient information on study and sampling 

methods, and reviews were excluded. For GBD 2017, in addition to previous literature data, hospital 

inpatient, USA claims data from 2000 and 2010 through 2014 at the USA state level, and Taiwan claims 

data for 2016 were included, extracted as prevalence for the total gallbladder model, and extracted an 
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incident case for the symptomatic gallbladder model. Data were outliered or excluded if we found them 

unreasonable when compared to regional, super-regional, and global rates.  

The tables below show the number of studies included in GBD 2017, as well as the number of countries 

or subnational units and GBD world regions represented. 

Table 1. Site-years of data by different measures and geographical coverage 

Cause  Prevalence Incidence  

 

 

 

Total gallbladder and 

biliary diseases 

Site-years (total) 1447 13 

Number of countries with data 51 2 

Number of GBD regions with data 

(out of 21 regions) 16 2 

Number of GBD super-regions with 

data (out of 7 super-regions 7 2 

 

 

 

Symptomatic 

gallbladder and biliary 

diseases  

Site-years (total) 1 1413 

Number of countries with data 1 44 

Number of GBD regions with data 

(out of 21 regions) 1 16 

Number of GBD super-regions with 

data (out of 7 super-regions) 1 7 

 

Disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. In line with GBD 2016, we included the mild and severe 

sequela and applied the disability weights to prevalent cases in the symptomatic gallbladder model. The 

lay descriptions and disability weights for gallbladder and biliary disease are shown below: 

Table 2. Severity level and lay descriptions 

Severity split Lay description DW (95% CI) 

Mild gallbladder and 

biliary disease, 

symptomatic episodes 

This person has some pain in the belly that causes 

nausea but does not interfere with daily activities. 

 

0.011 (0.005に
0.021) 

Moderate gallbladder 

and biliary disease, 

symptomatic episodes 

This person has pain in the belly and feels nauseous. 

The person has difficulties with daily activities. 

 

0.114 (0.080に
0.159) 

Severe gallbladder and 

biliary disease, 

symptomatic episodes 

This person has severe pain in the belly and feels 

nauseated. The person is anxious and unable to carry 

out daily activities. 

0.324 (0.219に
0.442) 

 

Modelling strategy  

The DisMod model for total gallbladder and biliary diseases included bounding remission from 0 to 1 (a 

minimum duration of one year). Reference data were from literature, USA claims data from 2010 to 2014, 

and Taiwan claims data from 2016, and we marked inpatient hospital and USA claims data years 2000 

with separate year-specific study-level covariates. We used the function in DisMod-MR 2.1 to pull in 
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cause-specific mortality rate (CSMR) data from our CODEm and CODcorrect analyses and match with 

prevalence data points for the same geography. We calculated excess mortality rate to estimate priors by 

dividing CSMR by prevalence. We also applied a lag-distributed income covariate to excess mortality, log 

transformed and forced negative with an upper bound of 0 and a lower bound of -1. Betas and 

exponentiated values (which can be interpreted as an odds ratio) are shown in the tables below for study-

level covariates and country-level covariates.  

 

Table 3. Beta and exponentiated values for total gallbladder 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Hospital inpatient Prevalence 0.55 (0.53に0.57) 1.74 (1.70に1.77) 

Study-level covariate 

Claims data - 

2000 Prevalence 

 

-0.25 (-0.29 to -

0.22) 

0.78 (0.75に0.81) 

Country covariate LDI (I$ per capita) 

Excess 

mortality rate 

 

-0.8 (-0.81 to -0.79) 
0.45 (0.44に0.45) 

 

 

The symptomatic episodes of gallbladder and biliary diseases DisMod model bounded remission from 9 to 

26 (a duration of about two to six weeks). The reference data were US claims data from 2010 to 2014 and 

Taiwan claims data from 2016, and we marked other USA claims years, inpatient data, and literature with 

specific study-level covariates. We used the function in DisMod-MR 2.1 to pull in cause-specific mortality 

rate (CSMR) data from our CODEm and CODcorrect analyses and match with incidence data points for the 

same geography. We calculated excess mortality rate to estimate priors by dividing CSMR by 

incidence/remission. We also applied a lag-distributed income covariate to excess mortality, log 

transformed and forced negative with an upper bound of 0 and a lower bound of -1. Betas and 

exponentiated values (which can be interpreted as an odds ratio) are shown in the tables below for study-

level covariates and country-level covariates. 

 

Table 4. Beta and exponentiated values for symptomatic gallbladder 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate 

Hospital 

inpatient Incidence 
0.50 (0.50に0.50) 1.65 (1.65に1.66) 

Study-level covariate Literature Incidence 0.84 (0.60に1.08) 2.31 (1.82に2.96) 

Study-level covariate 

Inpatient-only 

claims data に 

2000 Incidence 

 

-0.033 (-0.062 to -

0.0021) 

0.97 (0.94に1.00) 

Country covariate 

LDI (I$ per 

capita) 

Excess mortality 

rate 

-0.82 (-0.83 to -

0.81) 
0.44 (0.44に0.45) 

 

To calculate prevalence of asymptomatic gallbladder and biliary diseases, we took the estimated 

prevalence of symptomatic episodes and subtracted it from our estimated prevalence of total gallbladder 

and biliary diseases. 
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Pancreatitis 
 

Flowcharts for Chronic pancreatitis and Pancreatitis, acute episodes 

 

Input data and methodological summary 

Case definition 

Pancreatitis is the inflammation of the pancreas. Acute pancreatitis involves active inflammation and 

injury to the pancreas, resulting in severe upper abdominal pain and nausea, inappropriate release of 

pancreatic contents, and a systemic inflammatory response with fever, low blood pressure, and, in some 

cases, failure of one or more organs. Chronic pancreatitis involves permanent damage to the pancreas 

from longstanding or recurrent inflammation; this produces chronic or episodic abdominal pain and 

nausea and ultimately failure of the pancreas to produce and release digestive enzymes and hormones, 

leading to chronic diarrhoea, poor absorption of nutrients from food, and diabetes. Individuals with 

chronic pancreatitis can have superimposed episodes of acute pancreatitis. In prior rounds of GBD, we 

modelled acute and chronic pancreatitis together, but in GBD 2017 we developed separate models for 

these two diseases.   

Inpatient data

Primary diagnostic codes 

for inpatient encounters

Nonfatal database Dismod-MR 2.1

Prevalence and incidence 

by location/year/age/sex 

for acute episodes of 

pancreatitis

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

  Covariates

Pancreatitis

Claims data

Multiple diagnostic codes 

for inpatient claims 

submitted for individuals

Study-level covariates

Literature data

First attack only

Excludes acute-on-chronic

USA claims data

Disability 

weight

Unadjusted 

YLD

Calculate 

correction 

factor

Country-level covariates

Alcohol (liters per capita)

Log-transformed age-

standardized death rate

Healthcare access and 

quality index

Convert claims to incident cases

Apply age and sex restrictions

Aggregate

Format codes

Map to modelling 

causes

Convert inpatient encounter to 

incident case using correction 

factor

Apply age and sex restrictions

Aggregate

Outpatient data

(U.S. and Sweden)

Diagnostic codes for 

outpatient 

encounters

CSMR from 

CODEm

Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/age/

sex for chronic 

pancreatitis

Comorbidity 

correction (COMO)

Claims data

Multiple diagnostic 

codes for claims 

submitted for 

individuals

Study-level covariates

Outpatient

Literature

USA claims

Prevalence of 

asymptomatic, mild, 

moderate and severe 

chronic pancreatitis

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Inpatient data

Primary diagnostic 

codes for inpatient 

encounters

Severity splitting

Format codes 

Map to 

modeling 

causes

Convert claims to cases

Apply age and sex restrictions

Aggregate

Calculate 3 correction factors

Convert  outpatient encounters to 

prevalent cases using correction factor

Apply age and sex restrictions

Aggregate

Convert inpatient 

encounters to prevalent 

cases using correction 

factors

Apply age and sex 

restrictions

Aggregate

Literature

Incidence, prevalence

Proportion with pain

Medical Expenditure 

Panel Survey

Severity distribution

Country-level covariates

Healthcare access and quality index

Scalar for pancreatitis risk-factors

436



ICD10 codes are K85 for acute and K86 for chronic pancreatitis. ICD9 code 577.0 corresponds to acute 

pancreatitis, and 577 and the remainder of its four-digit and five-digit constituents refer to chronic or 

unspecified pancreatitis. 

Input data 

Model inputs 

Two databases were developed for pancreatitis in GBD 2017. Scientific literature previously used to 

model acute and chronic pancreatitis together was divided. For GBD 2016, a systematic review of the 

prevalence and incidence of pancreatitis throughout the world was conducted. The exclusion criteria 

were studies clearly not representative of the national population (ie, alcoholics or smokers), self-

reported data, and reviews. Studies were added to the acute database if they measured the incidence of 

acute pancreatitis as defined by appropriate ICD codes, or by a combination of clinical, biochemical, and 

radiographic criteria. Likewise, studies were added to the chronic database if they employed appropriate 

ICD codes or appropriate clinical, biochemical, and radiographic criteria. Some studies reported incidence 

of acute and chronic disease separately and data were extracted to both databases, but those few studies 

that reported only a single measure for both disorders were dropped. 

The acute database included scientific literature and hospital discharge data (from numerous countries) 

and data from insurance claims for inpatient encounters (in the United States and Taiwan). Claims data 

are linked to individuals, and when multiple claims for the same individual were submitted outside of a 

duration window, they were regarded as separate episodes. Hospital discharges were included only if the 

primary discharge diagnosis was a code for acute pancreatitis, and incident cases were estimated from 

number of discharges using a correction factor from claims data. Scientific studies included studies that 

measured incidence of first episode of acute pancreatitis only, and studies that measured incidence of all 

acute pancreatitis, including recurrent episodes. Scientific studies also included both those that excluded 

and those that included individuals with underlying chronic pancreatitis. Study-level covariates were used 

to adjust for these differences in design (details below). 

The chronic database included scientific literature and hospital discharges from numerous countries, 

outpatient facility data from the United States and Sweden, and insurance claims data for both inpatient 

and outpatient encounters in the United States and Taiwan. Claims data are linked at the individual level; 

individuals were counted as prevalent cases if they had at least two outpatient or one inpatient 

encounter with a chronic pancreatitis ICD code as any diagnosis. Claims data were used to develop 

correction factors to apply to hospital discharge data. Outpatient encounters from facilities were 

extracted if any encounter diagnosis was for chronic pancreatitis, and they were adjusted to estimate 

prevalent cases using correction factors from claims data. Likewise, hospital discharges were extracted if 

any discharge diagnosis was an ICD code for chronic pancreatitis, and encounters were adjusted to 

estimate the number of prevalent cases, to account for some facilities only providing primary diagnostic 

codes, and to estimate the number of outpatient cases from the number of inpatient cases, all using 

correction factors from claims data.   

Hospital discharge data were highly heterogeneous; for each source-location-year-sex combination, age-

standardised mean was calculated, and the series was excluded if this was zero or was greater than three 

times the median absolute deviation above or below the median. Further data were excluded if relatively 

high values in young age groups led to overestimation of subnational pseudo-random effects and poor 
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model fit, or if we found them unreasonable when compared to regional, super-regional, and global 

rates.  

The table below shows the number of studies or sources included in GBD 2017, as well as the number of 

countries and GBD world regions represented. 

Acute pancreatitis episodes 

 Prevalence Incidence 

Site-years (total) 16 1362 

Number of countries with data 5 42 

Number of GBD regions with data (out of 21 regions) 4 16 

Number of GBD super-regions with data (out of 7 super-regions) 2 7 
Based on facilities and claims data refresh 8  

Chronic pancreatitis 

 Prevalence Incidence 

Site-years (total) 1401 14 

Number of countries with data 35 6 

Number of GBD regions with data (out of 21 regions) 13 4 

Number of GBD super-regions with data (out of 7 super-regions) 7 2 
Based on facilities and claims data refresh 8  

Severity split and disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for pancreatitis 

are shown below. All prevalent cases from the pancreatitis, acute episodes model were assigned a single, 

combined disability weight for severe abdominal pain and severe infectious disease symptoms. Prevalent 

cases from the chronic pancreatitis disease model were divided into symptomatic and asymptomatic 

groups using proportions found in a review of published studies of the natural history of chronic 

pancreatitis. The symptomatic group was divided into mild, moderate, and severe groups using 

proportions from the Medical Expenditure Panel Survey (MEPS). 

Severity split Lay description DW (95% CI) 

Acute pancreatitis episodes This person has severe pain in the belly and feels 

nauseated. The person has high fevers, pain and 

feels very weak. This causes great difficulty with 

daily activities. 

*Combined DW: 

0.324 (0.220に
0.442) 

0.133 (0.088に
0.190) 

Asymptomatic chronic 

pancreatitis 

-- 0 

Mild chronic pancreatitis This person has some pain in the belly that causes 

nausea but does not interfere with daily activities. 

0.011 (0.005に
0.021) 

Moderate chronic 

pancreatitis 

This person has pain in the belly and feels 

nauseous. The person has difficulties with daily 

activities. 

0.114 (0.080に
0.159) 
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Severe chronic pancreatitis This person has severe pain in the belly and feels 

nauseated. The person is anxious and unable to 

carry out daily activities. 

0.324 (0.219に
0.442) 

*Acute pancreatitis episodes have a custom disability weight combining abdominal pain and infectious disease. More information can be found in 

the appendix detailing disability weights.   

 

Modelling strategy  

Acute pancreatitis episodes 

The DisMod model for acute pancreatitis episodes used incidence and prevalence data as described 

above. The reference data for incidence were adjusted hospital discharge data and Taiwan claims data. 

Literature data and United States claims data were marked with study-level covariates; additional study-

level covariates were used to indicate studies from the literature that only measured first attack of 

pancreatitis or those that excluded acute pancreatitis cases with pre-existing chronic pancreatitis. The 

prior value of remission was bounded from 8 to 9 (a duration from about six weeks) for all ages. Location-

level covariates included per capita alcohol consumption and the log-normalised age-standardised death 

rate due to pancreatitis (both on incidence) and a Healthcare Access and Quality index (on excess 

mortality rate). 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables 

below for study-level covariates and location-level covariates. 

 

Acute pancreatitis 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Literature Incidence 

-0.096 

(-0.32 to 0.17) 

0.91  

(0.72 to 1.18) 

Study-level covariate First attack only Incidence 

0.075 

(-0.33 to 0.51) 

1.08 

(0.72 to 1.66) 

Study-level covariate 

Excludes acute-

on-chronic Incidence 

1.73  

(1.25 to 2.00) 

5.65 

(3.49 to 7.36) 

Study-level covariate USA claims data Incidence 

0.23 

(0.21 to 0.25) 

1.26 

(1.24 to 1.29) 

Location covariate 

Alcohol (litres per 

capita) Incidence 

0.00015 

(0.0000090 to 

0.00051) 

1.00 

(1.00 to 1.00) 

Location covariate 

Natural log of 

age-standardised 

death rate due to 

pancreatitis Incidence 

0.39  

(0.36 to 0.42) 

1.47  

(1.44 to 1.52) 

Location covariate 

Healthcare 

Access and 

Quality index 

Excess 

mortality rate 

-0.0069 

(-2 to 2) 

0.99  

(0.14 to 7.39) 
Based on model #349700 
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Chronic pancreatitis 

The DisMod model for chronic pancreatitis used incidence and prevalence data as described above. The 

reference data for prevalence were adjusted hospital discharge data and Taiwan claims data, and other 

sources に outpatient data from the United States and Sweden, literature, and United States claims data に 

were marked with study-level covariates. DisMod-MR 2.1 was set to pull in cause-specific mortality rate 

(CSMR) data from CODEm and CODcorrect analyses and match with incidence and prevalence data points 

for the same geography. The value prior on remission was set to 0.  Location-level covariates included a 

log-transformed age-standardised SEV scalar covariate for pancreatitis on prevalence, and a Healthcare 

Access and Quality index on excess mortality rate. 

 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables 

below for study-level covariates and location-level covariates. 

 

Chronic pancreatitis 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Outpatient Prevalence 

-3.41 

(-3.47 to -3.35) 

0.033 

(0.031 to 0.035) 

Study-level covariate Literature Prevalence 

-1.7 

(-1.98 to -1.32) 

0.18 

(0.14 to 0.27) 

Study-level covariate USA claims Prevalence 

-0.65 

(-0.68 to -0.61) 

0.52 

(0.51 to 0.54) 

Location covariate 

Log-transformed age-

standardised scaled 

exposure variable for 

pancreatitis risk factors Prevalence 

-0.11 

(-0.15 to -0.076) 

0.89 

(0.86 to 0.93) 

Location covariate 

Healthcare Access and 

Quality index 

Excess mortality 

rate 

-0.038 

(-0.039 to -0.038) 

0.96 

(0.96 to 0.96) 
Based on model #341345 

 

Summary of changes  

Compared to GBD 2016, GBD 2017 pancreatitis models differ primarily by separately modelling acute 

pancreatitis episodes and chronic pancreatitis, which by definition, does not remit. In GBD 2016, data 

inputs that ascertained acute pancreatitis cases, chronic pancreatitis cases, or both were all included in a 

single model with prior value on remission bounded to 8 to 9, thereby assuming all cases remit or die. 

Lesser additional changes include adding Taiwan claims data, more location-years of hospital discharge 

data, outpatient facilities data, and more years of USA claims data. The reference case was also changed 

to hospital discharge data in GBD 2017, in contrast to using claims data as reference case in GBD 2016. 
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Other digestive diseases  
 

In addition to the digestive diseases described above, there are many diverse types of digestive diseases 

with a range of severities and associated sequelae. Because these digestive diseases are diverse in their 

underlying causes and risk factors as well as in their associated health outcomes, modelling them 

together in a DisMod-MR model would not produce reliable estimates of prevalence or excess mortality. 

Instead, we calculated the YLDs caused by digestive diseases directly using a YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified digestive diseases for which non-fatal 

outcomes were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. We then 

multiplied this YLD/YLL ratio by the YLL estimates for other digestive diseases from the GBD 2017 CoD 

analysis, providing us with an estimate of the YLDs associated with other digestive diseases. 
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Alzheimer  disease and other dementias 
 

Flowchart 
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Input data and methodological summary  

 

Case definition 

Dementia is a progressive, degenerative, and chronic neurological disorder typified by memory 

impairment and other neurological dysfunctions. For the purposes of GBD 2017, we use the Diagnostic 

and Statistical Manual of Mental Disorders III, IV or V, or ICD case definitions as the reference. A wide 

array of diagnostic and screening instruments exists, including Clinical Dementia Rating scale (CDR), Mini 

Mental State Examination (MMSE), and the Geriatric Mental State (GMS). For severity rating purposes we 

use the CDR as the reference. The relevant ICD-10 codes for dementia are F00, F01, F02, F03, G30, and 

G31. The ICD-9 codes are 290, 291.2, 291.8, 294 and 331. 

Unlike most causes in the Global Burden of Disease project, dementia mortality and morbidity estimates 

are modelled jointly. This is because of marked discrepancies between prevalence data and cause of 

death data. Specifically, prevalence data suggest little to no variation over time (eg, 1990に2017), whereas 

age-standardised mortality rates in vital registrations in high-income countries have increased multiple 

times over this same period. Additionally, prevalence variation between countries is much smaller than 

the variation in death rates assigned to dementia in vital registration. We attribute these discrepancies to 

changing coding practices rather than epidemiological change. 

Because of this joint procedure, descriptions of the mortality estimation process are included where 

relevant. 

Input data 

 Model inputs 
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To inform our estimates of burden due to dementia, we use mortality data from vital registration 

systems, as well as prevalence data from surveys and administrative data such as claims sources.  

An updated systematic review was conducted covering September 2016 to August 2017, and search 

terms1 were set to capture studies for all dementia, including its subtypes. The search yielded 970 initial 

hits, and 38 were marked for extraction. Inclusion criteria comprised studies that reported prevalence, 

incidence, remission rate, excess mortality rate, relative risk of mortality, standardised mortality ratio, or 

with-condition mortality rate. Studies with no clearly defined sample were excluded. A flow chart 

documenting this review is displayed below.  

 

970 Sources 

Identified in 

Systematic Review

123 Sources after 

Title/Abstract 

Screening

847 Sources 

Excluded based on 

Title/Abstract 

Screening

38 Sources after 

Full-Text Screening

85 Sources Excluded 

based on Full Text 

Screening

38 Sources 

Extracted
 

 

 

  

 

 

                                                           
1 ((dementia[Title/Abstract]) AND (incidence[Title/Abstract] OR prevalence[Title/Abstract] OR epidemiology[Title/Abstract])) AND 

("2016/09/01"[Date - Publication] : "2017/08/29"[Date - Publication]) 
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Additionally, a table describing the density and distribution of the epidemiological data available for GBD 

2017 is presented below: 
 

Prevalence Incidence Mortality 

Risk 

Site-years (total) 477 115 23 

Number of countries with data 45 24 17 

Number of GBD regions with data (out of 21 regions) 17 10 10 

Number of GBD super-regions with data (out of 7 super-regions) 7 4 6 

 

Studies with age and sex detail separately were split into age- and sex-specific data points. We also split 

data points where the age range was greater than 20 years using the age pattern from the United States, 

where we had the most detail by age.   

This year we also added two additional years of claims data from the USA, and excluded claims data from 

2000, which were systematically lower than other years. We also changed the algorithm for deriving 

prevalence from the claims data. Previously, an individual with any inpatient or outpatient visit in a given 

year would be counted as a previous case. However, this would pick up visits where a doctor may have 

used a potential or probable diagnosis without confirmation. Therefore, the new algorithm will only count 

a prevalent case where an individual has one inpatient visit, two outpatient visits, or one outpatient and 

one inpatient visit. This change to the algorithm resulted in a decrease in prevalence estimates for the 

United States.   

Severity splits 

In GBD 2013 (and still used in GBD 2017), we extracted data from studies reporting on mild, moderate, 

and severe dementia. As the data indicate an age pattern with greater proportions with more severe 

disease in the very old, we restricted our analyses to studies reporting on severity <70, 70-79, and 80+ 

ages. Most of these studies reported severity based on the CDR scale: CDR=1 as mild, CDR=2 as 

moderate, and CDR=3 as severe dementia. Other studies report staging of dementia according to MMSE; 

the Functional capacity scale; the Cambridge Mental Disorders of the Elderly Examination (CAMDEX); the scale 

of Hughes, and the Geriatric Mental State (GMS). We excluded all studies that used the DSM III criteria, as 

we found that these sources reported systematically higher severities. We used a random effects meta-

analysis to pool the data by severity level. 

We multiplied estimations of prevalence (country-year-sex-age-specific) by the fractions of mild, 

moderate, and severe dementia and estimated 95% uncertainty intervals at the 1,000-draw level.  

Severity level Lay description DW (95% CI) Severity distribution 

Mild The person has some trouble remembering 

recent events and finds it hard to 

concentrate and make decisions and plans. 

0.069 

(0.046に0.099) 

<70: 79% (71に85%) 

70-79: 77% (70に82%) 

80+: 68% (59に76%) 

Moderate The person has memory problems and 

confusion, feels disoriented, at times hears 

voices that are not real, and needs help 

with some daily activities. 

0.377 

(0.252に0.508) 

<70: 15% (10に21%) 

70-79: 16% (12に22%) 

80+: 23% (19に28%) 
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Severe The person has complete memory loss, no 

longer recognises close family members, 

and requires help with all daily activities. 

0.449 

(0.304に0.595) 

<70: 6% (3に11%) 

70-79: 7% (4に12%) 

80+: 9% (6に13%) 

 

Modelling strategy  

 

As mentioned above, the estimation of morbidity due to dementia occurs in conjunction with the 

mortality estimation.  

 

First, we ran a CODEm model for dementia and extracted the mortality rates by age, sex, and geography 

for 2017.  

Second, we ran a DisMod-MR 2.1 model with all data on incidence, prevalence, and mortality risk (RR, 

SMR, or with-condition mortality rates) and a setting of zero remission and extracted 2017 prevalence by 

age, sex, and geography. To account for potential systematic differences between medical claims and 

survey data, we added a covariate to crosswalk USA claims data and also added a covariate for European 

GP data. Additionally, to account for systematic differences in different methods of case ascertainment 

between different studies, this year we added study-level covariates on whether or not studies used a 

doctor-given diagnosis, whether or not they used clinical records to ascertain a diagnosis, and whether or 

not a study used an algorithmic diagnosis.   

Third, we selected countries where the sum of cause-specific mortality rate to prevalence ratio for males 

and females exceeded 2.5 (excluding small island nations, those without vital registration, and countries 

without data on prevalence). This resulted in choosing Finland, Scotland, Sweden, the United States, 

England, the Netherlands, and Canada. The choice to pick fewer countries for this regression compared to 

GBD 2015, which used 30 countries in the EMR regression, was motivated by a desire to reduce the 

spread in EMR values, as countries used in the regression retain their original EMR values. We decided to 

exclude Finland from the regression, as it is a high outlier compared to the other countries included in the 

regression. However, we still allowed Finland to retain its original EMR values.  

Fourth, we used a linear effects regression with dummies on age group and sex to predict excess 

mortality (ie, the ratio of cause-specific mortality rate and prevalence) by age and sex, the results of 

which are found in the tables below.  

Table: Fixed effect coefficients of EMR regression. Outcome: ln(EMR) 

Independent variables     Coef        Std. error     P value 

95% Confidence 

interval 

Male 0.004 0.035 0.910 -0.064 0.072 

Age 40-59 -2.897 0.074 0.000 -3.042 -2.752 

Age 60-64 -2.267 0.074 0.000 -2.412 -2.122 

Age 65-69 -2.103 0.074 0.000 -2.248 -1.958 

Age 70-74 -1.845 0.074 0.000 -1.99 -1.7 

Age 75- 80 -1.524 0.074 0.000 -1.669 -1.379 

Age 80-84 -1.217 0.074 0.000 -1.362 -1.072 

Age 85-89 -0.865 0.074 0.000 -1.01 -0.72 

Age 90-94 -0.406 0.074 0.000 -0.551 -0.261 
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Constant -1.748 0.055 0.000 -1.856 -1.64 

 

 

 

Table: Predicted EMR values by age and sex (95% CI) 

 Male Female 

Age 40-59 0.01 (0.009 - 0.011) 0.01 (0.009 - 0.011) 

Age 60-64 0.018 (0.016 - 0.02) 0.018 (0.016 - 0.02) 

Age 65-69 0.021 (0.019 - 0.024) 0.021 (0.019 - 0.024) 

Age 70-74 0.028 (0.025 - 0.031) 0.028 (0.025 - 0.031) 

Age 75- 80 0.038 (0.034 - 0.042) 0.038 (0.034 - 0.042) 

Age 80-84 0.052 (0.046 - 0.057) 0.052 (0.047 - 0.057) 

Age 85-89 0.074 (0.067 - 0.082) 0.074 (0.066 - 0.082) 

Age 90-94 0.116 (0.105 - 0.13) 0.116 (0.104 - 0.129) 

Age 95+ 0.175 (0.157 - 0.196) 0.175 (0.157 - 0.194) 

 

Fifth, these estimates were added to a second DisMod-MR 2.1 model as pertaining to the full 1990に2017 

estimation period. For the countries included in the regression where the age-standardised EMR 

calculated from the country-specific data was higher than the age-standardised EMR calculated in the 

regression, we retained their age- and sex-specific ratios and entered those also as pertaining to the full 

1990に2017 estimation period. Thus, the model reflects the cause-specific mortality rate if all countries 

over time would have had the average propensity to code to dementia as an underlying cause of death 

similar to the selected countries in 2017. 

In this model, we assumed zero remission as well as zero excess mortality and incidence until age 40. We 

also did not allow random effects in the model in order to reduce spurious inflation of regional 

differences due to differences in measurement and measurement error. Because of lack of consistency 

between prevalence and incidence data, we excluded incidence data from the final model. In a few 

locations we found good consistency between prevalence and incidence, and these were locations where 

incidence and prevalence were collected as part of the same study. In other locations (Beijing, Australia, 

Italy, Canada, various states in the USA, Mexico, and Nigeria) we noted that DisMod-MR 2.1 was pushing 

the fit above the available prevalence data and below incidence に さaveraging the differenceくざ In all cases 

the incidence and prevalence data were collected by different studies. We decided to drop the incidence 

estimates, as measuring incidence of dementia when symptoms are still mild is more prone to 

measurement bias than measuring prevalence when the diagnosis has become more obvious over time. 

The table below provides additional information on the country covariates and study-level covariates 

used in this model, as well as beta and exponentiated beta values. 

Variable Measure Beta Exponentiated 

beta value (CI) 

Mean years of education, age-

standardised 

prevalence -0.083 

 

0.92 (0.92 to 

0.92) 
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Smoking prevalence, age-

standardised, both sexes 

prevalence 0.34 

 

1.40 (1.33 to 

1.46) 

 

USA claims data prevalence -0.38 

 

0.68 (0.63 to 

0.71) 

 

European GP data prevalence -0.93 

 

0.39 (0.36 to 

0.42) 

 

Diagnosed using cutoff score 

algorithm 

prevalence  0.19 

 

1.20 (1.10 to 

1.31) 

 

Diagnosed using only clinical 

records 

prevalence  -0.11 

 

0.90 (0.81 to 

0.99) 

 

 

We did a meta-analysis of the effect of education (in years) on dementia to set bounds on the covariate 

value. A literature search yielded six sources reporting specifically the effect of a single year of education. 

The meta-analysis estimated a relative risk of 0.92 for each additional year of education, which was used 

to set bounds on the country-level covariate in DisMod. The forest plot is shown below.   

 

As described above, we used a crosswalk to standardise the claims data relative to existing literature data.  

This year we also added study-level covariates for studies that did not complete an in-person doctor 

diagnosis, that diagnosed dementia using a cutoff score algorithm, or that diagnosed dementia using only 

clinical records. We tested all covariates, and where a covariate was significant we retained it in the final 

model. The covariate on no in-person doctor diagnosis was not significant so was added as a z-cov, which 

increases the uncertainty. Age-standardised education was used as a proxy for general brain health/use 

that may be protective of dementia に speciaｷI;ﾉﾉ┞ Aﾉ┣ｴWｷﾏWヴげゲ disease. Smoking prevalence (age-
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standardised, both sexes) was also used as a covariate to guide estimates, as the literature has shown a 

positive relationship between smoking and dementia.   

We then use this model to set the level of dementia cause-specific mortality to be retrieved through the 

dementia redistribution process, which uses multiple cause of death data to determine from which 

causes the excess mortality should be retrieved. The COD data are then adjusted to reflect the cause-

specific mortality rates predicted from the second DisMod-MR 2.1 model. Additional details on this 

process can be found in the COD capstone appendix.   

We then run a second CODEm model after adjusting the data through the redistribution and noise-

reduction processes and pull the cause-specific mortality results from this model into a final DisMod 

model, with the same settings as the models previous, but with the exclusion of the estimated excess 

mortality data. The table below provides additional information on the country covariates and study-level 

covariates used in this model, as well as beta and exponentiated beta values. 

Variable Measure Beta Exponentiated 

beta value (CI) 

Mean years of education, age-

standardised 

prevalence -0.083 0.92 (0.92 to 

0.92) 

Smoking prevalence, age-

standardised, both sexes 

prevalence 0.29 1.34 (1.27 to 

1.41) 

USA claims data prevalence -0.42 0.65 (0.62 to 

0.69) 

European GP data prevalence -0.95 0.38 (0.36 to 

0.41) 

Diagnosed using cutoff score 

algorithm 

prevalence  0.15 1.17 (1.07 to 

1.26) 

Diagnosed using only clinical 

records 

prevalence  -0.14 0.87 (0.78 to 

0.96) 
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Case definition 

P;ヴﾆｷﾐゲﾗﾐげゲ disease is a chronic, degenerative, and progressive neurological condition typified by the loss 

of motor mobility and control に most notably tremors. The corresponding ICD-10 codes are G20, G21, 

and G22. Our case definition for GBD is the presence of at least two of the four primary symptoms: (1) 

tremors/trembling, (2) bradykinesia, (3) stiffness of limbs and torso, and (4) posture instability.  

Unlike most causes in デｴW GﾉﾗH;ﾉ B┌ヴSWﾐ ﾗa DｷゲW;ゲW ヮヴﾗﾃWIデが P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲW ﾏﾗヴデ;ﾉｷデ┞ ;ﾐS ﾏﾗヴHｷSｷデ┞ 
estimates are modelled jointly. This is because of marked discrepancies between prevalence data and 

cause of death data. Specifically, prevalence data suggest little to no variation over time (eg, 1990に2017) 

whereas age-standardised mortality rates in vital registrations in high-income countries have increased 

multiple times over this same period. Additionally, prevalence variation between countries is much 

smaller than the v;ヴｷ;デｷﾗﾐ ｷﾐ SW;デｴ ヴ;デWゲ ;ゲゲｷｪﾐWS デﾗ P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲW ｷﾐ ┗ｷデ;ﾉ ヴWｪｷゲデヴ;デｷﾗﾐく WW ;デデヴｷH┌デW 
these discrepancies to changing coding practices rather than epidemiological change. 

Because of this joint procedure, descriptions of the mortality estimation process are included where 

relevant. 

Input data 

Model inputs 

To inform our estimates of burden due to P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲW, we use mortality data from vital 

registration systems, as well as prevalence data from surveys and administrative data such as claims 

sources.  
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An updated systematic review was conducted from September 2015 to August 2017, and the search 

デWヴﾏゲ ┘WヴW ゲWデ デﾗ I;ヮデ┌ヴW ゲデ┌SｷWゲ aﾗヴ P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲWく1 This search term resulted in 660 initial hits 

with 20 sources marked for extraction. Studies with no clearly defined sample or that drew from specific 

clinic/patient organizations were excluded. A flowchart documenting this review is displayed below.  

660 Sources 

Identified in 

Systematic Review

63 Sources after 

Title/Abstract 

Screening

603 Sources 

Excluded based on 

Title/Abstract 

Screening

20 Sources after 

Full-Text Screening

43 Sources Excluded 

based on Full Text 

Screening

20 Sources 

Extracted
 

The following table provides a description of the density and distribution of literature data informing the 

Parkinsonげs estimates: 

  
Prevalence Incidence Mortality 

Risk 

Site-years (total) 394 67 15 

Number of countries with data 36 22 9 

Number of GBD regions with data (out of 21 regions) 14 9 4 

Number of GBD super-regions with data (out of 7 super-regions) 7 4 3 

 

Beyond the exclusion of studies using non-representative populations, there are no substantial 

adjustment or outliering criteria for the Parksinsonげs model. Certain studies have been outliered on a 

                                                           
1 (Parkinson disease[Title/Abstract] OR Parkinson's disease[Title/Abstract]) AND (epidemiology[Title/Abstract] OR prevalence[Title/Abstract] OR 

incidence[Title/Abstract]) AND ("2015/09/31"[PDAT] : "2017/08/23"[PDAT]) 
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case-by-case basis due to subsequent review and exclusion due to inappropriateness of the study design, 

or case ascertainment that conflict with existing gold-standard data に where possible.   

Studies with age and sex detail separately were split into age- and sex-specific data points. We also split 

data points where the age range was greater than 20 years using the age pattern from the United States, 

where we had the most detail by age.   

This year we also added two additional years of claims data from the USA, and excluded claims data from 

2000, which were systematically lower than other years. We also changed the algorithm for deriving 

prevalence from the claims data. Previously, an individual with any inpatient or outpatient visit in a given 

year would be counted as a previous case. However, this would pick up visits where a doctor may have 

used a potential or probable diagnosis without confirmation.  Therefore, the new algorithm will only 

count a prevalent case where an individual has one inpatient visit, two outpatient visits, or one outpatient 

and one inpatient visit. This change to the algorithm resulted in a decrease in prevalence estimates for 

the United States.   

Severity splits 

As in GBD 2013, we use Hoehn and Yahr stages to determine severity. However, for GBD 2017, the 

cutpoints were updated in order to more accurately correspond with the lay descriptions of severities.  

Specifically, a Hoehn and Yahr stage 4 now corresponds to a designation of severe, where before it was 

classified as moderate.    

Severity Stage 

Mild гヲくヰ 

Moderate 2.5-3.5 

Severe д4 
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The following figures show the results of the meta-analysis on Hoehn and Yahr stage 

Figure ヱく PWヴIWﾐデ;ｪW ﾗa ﾏｷﾉS I;ゲWゲ ﾗa P;ヴﾆｷﾐゲﾗﾐげゲ disease in population-based studies 
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Figure ヲく PWヴIWﾐデ;ｪW ﾗa ﾏﾗSWヴ;デW I;ゲWゲ ﾗa P;ヴﾆｷﾐゲﾗﾐげゲ disease in population-based studies 
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Figure ンく PWヴIWﾐデ;ｪW ﾗa ゲW┗WヴW I;ゲWゲ ﾗa P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲW ｷﾐ ヮﾗヮ┌ﾉ;デｷﾗﾐ-based studies 
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Severity estimates were generated by multiplying estimates of prevalence (country-year-sex-age-specific) 

by the fractions of mild, moderate, and severe PD, and 95% confidence intervals were estimated by 

taking 1,000 draws. 

The following table provides the lay description and disability weights associated with Parkinsonげs disease. 

Severity level Lay description DW (95% CI) 

Mild Has mild tremors and moves a little slowly, 

but is able to walk and do daily activities 

without assistance. 

0.01 

(0.005に0.019) 

Moderate Has moderate tremors and moves slowly, 

which causes some difficulty in walking and 

daily activities. The person has some trouble 

swallowing, talking, sleeping, and 

remembering things. 

0.267 

(0.181に0.372) 

Severe Has severe tremors and moves very slowly, 

which causes great difficulty in walking and 

daily activities. The person falls easily and has 

a lot of difficulty talking, swallowing, sleeping, 

and remembering things. 

0.575 

(0.396に0.73) 

 

Modelling strategy  

First, we ran a CODEm model for Parkinsonげゲ disease and extracted the mortality rates by age, sex, and 

geography for 2017.  

Second, we ran a DisMod-MR 2.1 model with all data on incidence, prevalence, and mortality risk (relative 

risk, standardised mortality ratio, or with-condition mortality rates) and a setting of zero remission, and 

extracted 2017 prevalence by age, sex, and geography. To account for potential systematic differences 

between claims and survey data, we crosswalked for each year of claims data.   

Third, we selected the countries (France, England, the United States, the Netherlands, Finland, Scotland, 

and Wales) with the highest cause-specific mortality rate (from step 1) to prevalence (from step two) 

ratio, which also had data on prevalence, prevalence rates above 0.0005, and a population greater than 1 

million.  

Fourth, we used a linear effects regression with dummies on age group and sex to predict excess 

mortality (ie, the ratio of cause-specific mortality rate and prevalence) by age and sex, the results of 

which are found in the tables below.  

Table: Fixed-effect coefficients of EMR regression. Outcome: ln(EMR) 

Independent variables     Coef        Std. error     P value 95% Confidence 

interval 

Male 0.288 0.036 0.000 0.218 0.358 

Age 40-59 -3.25 0.076 0.000 -3.399 -3.101 

Age 60-64 -2.557 0.076 0.000 -2.706 -2.407 

Age 65-69 -2.021 0.076 0.000 -2.17 -1.871 

Age 70-74 -1.42 0.076 0.000 -1.57 -1.271 
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Age 75- 80 -0.898 0.076 0.000 -1.047 -0.749 

Age 80-84 -0.502 0.076 0.000 -0.651 -0.352 

Age 85-89 -0.248 0.076 0.001 -0.397 -0.099 

Age 90-94 -0.047 0.076 0.537 -0.196 0.102 

Constant -2.357 0.057 0.000 -2.469 -2.246 

 

Table: Predicted EMR values by age and sex (95% CI) 

 Male Female 

Age 40-59 0.005 (0.004 - 0.005) 0.004 (0.003 - 0.004) 

Age 60-64 0.01 (0.009 - 0.011) 0.007 (0.007 - 0.008) 

Age 65-69 0.017 (0.015 - 0.019) 0.013 (0.011 - 0.014) 

Age 70-74 0.031 (0.027 - 0.034) 0.023 (0.02 - 0.025) 

Age 75- 80 0.051 (0.046 - 0.057) 0.039 (0.035 - 0.043) 

Age 80-84 0.076 (0.068 - 0.085) 0.058 (0.052 - 0.064) 

Age 85-89 0.099 (0.089 - 0.111) 0.074 (0.066 - 0.083) 

Age 90-94 0.12 (0.108 - 0.135) 0.09 (0.081 - 0.1) 

Age 95+ 0.126 (0.113 - 0.142) 0.095 (0.085 - 0.106) 

 

Fifth, these estimates were added to a second DisMod-MR 2.1 model as pertaining to the full 1990に2017 

estimation period. We allowed the countries included in the regression to retain their original EMR values 

when the age-standardised EMR for a country was higher than the age-standardised EMR prediction 

generated from the regression. These countries retained their age- and sex-specific ratios and entered 

those also as pertaining to the full 1990に2017 estimation period. Thus, the model reflects the cause-

specific mortality rate if all countries over time would have had the average propensity to code to 

dementia as an underlying cause of death similar to the selected countries in 2017. 

In this model, we assumed zero remission among all ages, with no incidence or excess mortality for ages 

zero to 20 years old. We ignored data on incidence, relative risk, standardised mortality ratio, and with-

condition mortality, as these were shown to be inconsistent with prevalence estimates. This year, we 

decided not to allow random effects in the model in order to prevent spurious inflation of regional 

differences due to differences in measurement and measurement error.  

 

We made one study-level crosswalk: diagnostic criteria. Studies that do not use the gold-standard case 

definition of presence of at least two of the four main symptoms are crosswalked to meet this gold 

standard definition. The table below shows the effect of this crosswalk, which results in a downward 

adjustment of non-standard data points. We have an additional study-level covariate for case 

ascertainment, or studies that ascertain cases on clinical record review rather than using live diagnostic 

processes. However, this adjustment was not significant for GBD 2017 and was therefore changed to a z-

cov, which effects the uncertainty of the estimates.   

 

In previous rounds of GBD, we used Socio-demographic Index as a country covariate proxy to capture 

ヮﾗゲゲｷHﾉW ゲﾗIｷ;ﾉ ;ﾐS I┌ﾉデ┌ヴ;ﾉ ヴｷゲﾆ a;Iデﾗヴゲ ﾗヴ ﾏﾗSｷaｷWヴゲ ﾗa P;ヴﾆｷﾐゲﾗﾐげゲ ヮヴW┗;ﾉWﾐIW. However, the potential 

effect of SDI is likely confounded by study quality and case ascertainment, so we decided to remove that 

covariate. Due to the removal of the covariate on SDI, our estimates for Latin America and sub-Saharan 

Africa have significantly increased. We also included a covariate for smoking prevalence, as studies have 

aﾗ┌ﾐS ;ﾐ ｷﾐ┗WヴゲW ヴWﾉ;デｷﾗﾐゲｴｷヮ HWデ┘WWﾐ ゲﾏﾗﾆｷﾐｪ ;ﾐS P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲWく   
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The following table provides an overview of the study-level and country covariates used in the second 

P;ヴﾆｷﾐゲﾗﾐげゲ disease DisMod MR-2.1 model. 

 

Covariate Measure Beta Exponentiated 

Smoking prevalence prevalence -0.66 

 

0.52 (0.43 to 

0.62) 

(Un)Filled diagnostic criteria prevalence 0.16 

 

1.18 (1.11 to 

1.24) 

 

We then use this model to set the level of dementia cause-specific mortality to be retrieved through the 

dementia redistribution process, which uses multiple cause of death data to determine from which 

causes the excess mortality should be retrieved. The COD data are then adjusted to reflect the cause-

specific mortality rates predicted from the second DisMod-MR 2.1 model. Additional details on this 

process can be found in the COD capstone appendix.   

We then run a second CODEm model after adjusting the data through the redistribution and noise-

reduction processes, and pull the cause-specific mortality results from this model into a final DisMod 

model, with the same settings as the models previous, but with the exclusion of the estimated excess 

mortality data.   

The following table provides an overview of the study-level and country covariates used in the third 

P;ヴﾆｷﾐゲﾗﾐげゲ SｷゲW;ゲW DｷゲMﾗS M‘-2.1 model.   

Covariate Measure Beta Exponentiated 

Smoking prevalence prevalence -0.62 0.54 (0.44 to 

0.63) 

(Un)Filled diagnostic criteria prevalence 0.15 1.16 (1.09 to 

1.23) 
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Multiple sclerosis (MS) 
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Input data and methodological summary 

Case definition 

Multiple sclerosis is a chronic, degenerative, and progressive neurological condition typified by the 

S;ﾏ;ｪｷﾐｪ ﾗa デｴW ﾏ┞Wﾉｷﾐ ゲｴW;デｴゲく Fﾗヴ GBDが デｴW MIDﾗﾐ;ﾉSげゲ IヴｷデWヴｷ; aﾗヴ Sｷ;ｪﾐﾗゲｷゲ are considered the gold 

ゲデ;ﾐS;ヴSが H┌デ ﾗデｴWヴ SWaｷﾐｷデｷﾗﾐゲ ゲ┌Iｴ ;ゲ PﾗゲWヴ CﾗﾏﾏｷデデWWげゲ IヴｷデWヴｷ; ;ﾐS ゲWﾉa-ヴWヮﾗヴデ ﾗa ; SﾗIデﾗヴげゲ diagnosis 

are also included. The ICD-10 code for MS is G35. 

Input data 

An updated systematic review was done using the search string ((("multiple sclerosis"[Title/Abstract]) 

AND ((epidemiology[Title/Abstract] OR prevalence[Title/Abstract] OR incidence[Title/Abstract]))) AND 

("2015/06/15"[Date - Publication] : "2017/09/13"[Date - Publication]))  from 5/15/2015-9/13/17 yielded 

733 hits with 28 sources marked for extraction. A flowchart documenting this review is displayed below. 
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733 Sources 

Identified in 

Systematic Review

75 Sources after 

Title/Abstract 

Screening

658 Sources 

Excluded based on 

Title/Abstract 

Screening

28 Sources after 

Full-Text Screening

47 Sources Excluded 

based on Full Text 

Screening

28 Sources 

Extracted
 

 

The data underpinning estimates of burden due to MS are generally of two types. The first are 

representative, population-based surveys. This includes retrospective case/hospital report analysis, 

nationally representative health studies, and the like. Studies with no clearly defined sample or that draw 

from specific clinic/patient organisations were excluded during the systematic review phase.  

 

The second type are claims data. This year we added three years of claims data from the USA and one 

year of claims data from Taiwain. We also changed the algorithm for deriving prevalence from the claims 

data. Previously, an individual with any inpatient or outpatient visit in a given year would be counted as a 

previous case. However, this would pick up visits where a doctor may have used a potential or probable 

diagnosis without confirmation. Therefore, the new algorithm will only count a prevalent case where an 

individual has one inpatient visit, two outpatient visits, or one outpatient and one inpatient visit. This 

change to the algorithm resulted in a decrease in prevalence estimates for the United States.   

 

The following table provides a description of the density and distribution of literature data informing the 

MS estimates: 
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Prevalence Incidence Excess 

mortality 

rate 

Age-

standardised 

mortality risk 

Site-years (total) 489 267 6 8 

Number of countries with data 38 28 5 6 

Number of GBD regions with data (out of 21 regions) 10 8 2 2 

Number of GBD super-regions with data (out of 7 

super-regions) 

5 4 1 1 

 

Beyond the exclusion of studies using non-representative populations, there are no substantial 

adjustment or outliering criteria for the MS model. Certain studies have been outliered on a case-by-case 

basis due to: (1) subsequent review and exclusion due to inappropriate of the study design, and overly 

broad age and sex groups that conflict with existing gold standard age-sex specific data に where possible. 

 

Studies with age and sex detail separately were split into age- and sex-specific data points. We also split 

data points where the age range was greater than 20 years using the age pattern from the United States, 

where we had the most detail by age.   

Severity splits 

As in GBD 2013, we used K┌ヴデ┣ﾆWげゲ Expanded Disability Status Scale (EDSS) to determine severity splits for 

MS. The EDSS scores corresponding to each severity are as follows: 

Asymptomatic: EDSS = 0 

Mild: 0 < ED““ г ンくヵ 

MﾗSWヴ;デWぎ ンくヵ а ED““ г ヶくヵ 

“W┗WヴWぎ ヶくヵ а ED““ г Γくヵ 

 

The table below illustrates severity levels, lay descriptions, and DWs. 

 

Severity level Lay description DW (95% CI) 

Asymptomatic - 0 

(0-0) 

Mild  Has mild loss of feeling in one hand, is a little unsteady 

while walking, has slight loss of vision in one eye, and 

often needs to urinate urgently. 

 

0.183 

(0.124に0.253) 

 

Moderate Needs help walking, has difficulty with writing and arm 

coordination, has loss of vision in one eye and cannot 

control urinating. 

 

0.463 

(0.313に0.613) 

 

Severe Has slurred speech and difficulty swallowing. The person 

has weak arms and hands, very limited and stiff leg 

movement, has loss of vision in both eyes and cannot 

control urinating. 

 

0.719 

(0.534に0.858) 
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Because not all sources had information on the number of cases with EDSS stage 0, instead reporting on a 

mild category, we implemented a two-step meta-analysis strategy. First, we subsetted the studies to 

those that reported on the number of cases with EDSS stage 0, and did meta-analyses on the proportion 

of asymptomatic and mild cases. Then, we conducted meta-analyses on the full dataset to get the 

proportion mild, moderate, and severe, and we squeezed the asymptomatic and mild categories from the 

previous meta-analyses into the mild category established by the meta-analysis on the full dataset.   

The following figures provide the result of the first meta-analysis on the asymptomatic and mild 

categories. 

 

 

Figure 1. Asymptomatic cases of MS 

Figure 2. Mild cases of MS 
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The following figures provide the result of the second meta-analysis on the mild, moderate, and severe 

categories. 

Figure 3. Mild cases of MS (including both asymptomatic and mild categories) 
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Figure 4 Moderate cases of MS 
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Figure 5 Severe cases of MS 
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Modelling strategy  

We use DisMod 2.1 as the main analytical tool for the MS estimation process. Prior settings include zero 

remission for all ages, and no incidence or excess mortality for persons under 4 years old. We also 

constrain the super-region random effects for prevalence and incidence to -0.5 and 0.5 to account for 

spurious inflation of regional differences.  

 

USA claims data for 2000 are adjusted via a study covariate to account for systematically low estimates 

relative to other years of data. Implicit in this adjustment is the assumption that variation between years 

of claims data is a function of data-collection inconsistencies and noise. 

 

Similar to other cases we use GBD estimates of cause-specific mortality rate (CSMR) and excess mortality 

rate (EMR) in this model.  

 

To assist the estimation process, we use several country-level covariates. These effects plus those of the 

study covariates are presented below. 

 

 

Covariate Measure Beta Exponentiated Parameter 

type 
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Absolute value of average latitude prevalence 0.065 1.07 (1.03 to 

1.24) 

Country-

level 

Absolute value of average latitude incidence 0.029 

 

1.03 (1.02 to 

1.04) 

Country-

level 

All MarketScan, year 2000 prevalence -0.34 0.71 (0.64 to 

1.00) 

x-cov 

Healthcare Access and Quality 

index 

excess 

mortality rate 

-0.084 

 

0.92 (0.66 to 

0.97) 

Country-

level 

 

 

As described in the literature, extreme latitude is associated with higher prevalence and incidence of MS. 

While the pathway that affects MS is not fully understood, our results suggest a sizable relationship. Our 

operationalisation of latitude is created by a population-weighted average of latitude by country and 

taking the absolute value. The underlying population distribution rasters are part of the Gridded 

Population of the World dataset. 

 

Although there are no known cures for MS, we expect disease management to differ globally に largely as 

a function of available resources. To capture this, we use the Healthcare Access and Quality index 

covariate to capture this relationship in the estimation of excess mortality.  
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Case definition 

Motor neuron diseases (MND) are a set of chronic, degenerative, and progressive neurological conditions 

typified by the destruction of motor neurons and the subsequent deterioration of voluntary muscle 

activity. The most common MND is amyotrophic lateral sclerosis. The ICD-10 code corresponding to 

motor neuron diseases is G12. Our gold standard diagnostic criteria are the El Escorial Criteria, with other 

similar criteria (eg, the original set from World Federation of Neurology) if necessary. 

Input data 

A full systematic review was conducted for GBD 2015. The following search string guided our search, 

which resulted in 3,146 hits with 58 sources meeting extraction criteria: (1) the study is a representative 

population-based study, (2) reports on prevalence, incidence, remission, excess mortality, relative risk of 

mortality, standardised mortality ratio, or with-condition mortality rate. Studies with no clearly defined 

sample were excluded. 

(('motor neuron disease'[MeSH Terms] OR ('motor'[All Fields] AND 'neuron'[All Fields] AND 'disease'[All 

Fields]) OR 'motor neuron disease'[All Fields] OR ('motor'[All Fields] AND 'neuron'[All Fields] AND 

'diseases'[All Fields]) OR 'motor neuron diseases'[All Fields]) OR ('amyotrophic lateral sclerosis'[MeSH 

Terms] OR ('amyotrophic'[All Fields] AND 'lateral'[All Fields] AND 'sclerosis'[All Fields]) OR 'amyotrophic 

lateral sclerosis'[All Fields]) OR ALS[All Fields] OR ('motor neuron disease'[MeSH Terms] OR ('motor'[All 

Fields] AND 'neuron'[All Fields] AND 'disease'[All Fields]) OR 'motor neuron disease'[All Fields] OR 

('primary'[All Fields] AND 'lateral'[All Fields] AND 'sclerosis'[All Fields]) OR 'primary lateral sclerosis'[All 

Fields]) OR ('Politics Life Sci'[Journal] OR 'pls'[All Fields]) OR ('muscular atrophy, spinal'[MeSH Terms] OR 

('muscular'[All Fields] AND 'atrophy'[All Fields] AND 'spinal'[All Fields]) OR 'spinal muscular atrophy'[All 

Fields] OR ('progressive'[All Fields] AND 'muscular'[All Fields] AND 'atrophy'[All Fields]) OR 'progressive 

muscular atrophy'[All Fields]) OR PBP[All Fields] OR ('pseudobulbar palsy'[MeSH Terms] OR 

('pseudobulbar'[All Fields] AND 'palsy'[All Fields]) OR 'pseudobulbar palsy'[All Fields])) AND 
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(('epidemiology'[Subheading] OR 'epidemiology'[All Fields] OR 'epidemiology'[MeSH Terms]) OR 

population-based[All Fields]) 

The following table provides an overview of the density and distribution of the data used for GBD 2017. 

 
Prevalence Incidence Excess 

mortality 

rate 

Other 

Site-years (total) 315 101 2 1 

Number of countries with data 7 17 2 1 

Number of GBD regions with data (out of 21 regions) 6 7 1 1 

Number of GBD super-regions with data (out of 7 

super-regions) 

5 4 1 1 

 

Beyond the literature data, we also make use of claims data from the United States. This year we also 

added three additional years of claims data from the USA, so we now make use of claims data from 2000 

and 2010に2014. We also changed the algorithm for deriving prevalence from the claims data. Previously, 

an individual with any inpatient or outpatient visit in a given year would be counted as a previous case. 

However, this would pick up visits where a doctor may have used a potential or probable diagnosis 

without confirmation. Therefore, the new algorithm will only count a prevalent case where an individual 

has one inpatient visit, two outpatient visits, or one outpatient and one inpatient visit. This change to the 

algorithm resulted in a decrease in prevalence estimates for the United States. We also added one year of 

claims data for Taiwan.   

Except for excluding studies using non-representative populations, there are no substantial adjustments 

or outliering criteria for the MND model. Certain studies have been outliered on a case-by-case basis due 

to subsequent review and exclusion due to inappropriateness of the study design and case definition. 

 

Severity splits 

To calculate severity and disability due to MND we analysed a dataset from Pooled Resource Open-access 

ALS Clinical Trials (PRO-ACT). This dataset contains the largest ALS clinical trials dataset, with a total of 

8,635 ALS patient records from multiple completed clinical trials. Among these, we conducted the final 

analysis with n=4838 (56%) of the patients with complete ALS Function Rating Score (ALSFRS) with 

average follow-up time of 184 days (min: -22, max: 648), in which 2,999 (62%) received experimental 

(medication) treatments and 1,301 (27%) received placebo (in these trials, the medications tested were 

found to be no better than placebo with respect to their effects on ALS progressions). 

The ALSFRS is an instrument for evaluating the functional status of patients with amyotrophic lateral 

sclerosis. It can be used to monitor functional changes in a patient over time. It measures (1) speech, (2) 

salivation, (3) swallowing, (4) handwriting, (5) cutting food and handling utensils (with or without 

gastrostomy), (6) dressing and hygiene, (7) turning in bed and adjusting bed clothes, (8) walking, (9) 

climbing stairs, and (10) breathing. Each task is rated on a 5-ヮﾗｷﾐデ ゲI;ﾉW aヴﾗﾏ ヰ Э I;ﾐげデ Sﾗが デﾗ ヴ Э ﾐﾗヴﾏ;ﾉ 
ability. Individual item scores are summed to produce a reported total score of between 0 and 40 (worst 

to best). ALSFRS has been revised to ALSFRS-R, which includes 12 questions (ALSFRS Q10 changes to (10) 
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Dyspnea, (11) Orthopnea, and (12) Respiratory insufficiency), with individual item scores summed to a 

score between 0 and 48. 

In order to eliminate any bias from the treatment effects on the ALSFRS, only the first observation at the 

time of trial is selected. If the first observation is missing at the time of trial (or prior), the next non-

missing observation is selected to be included in the final analysis. 

We subsequently mapped ALSFRS scores into GBD severities, and sequelae into different combinations of 

speech problems, chronic obstructive pulmonary disease, and motor impairment using the following 

logic: 

Motor impairment 

The ALSFRS assess motor function of the legs through questions on walking (Q8) and stair climbing (Q9). 

Combined score Severity level 

8 None 

5-7 Mild 

2-4 Moderate 

0-1 Severe 

 

The ALSFRS also assesses motor impairment through questions on handwriting (Q4), cutting food and 

handling utensils (Q5), and dressing and hygiene (Q6).  

Combined score Severity level 

12 None 

9-11 Mild 

3-8 Moderate 

0-2 Severe 

 

After determining case severity on these two separate metrics, we aggregate by taking the most severe 

ranking (eg, severe + mild = a severe case). 

Respiratory problems: 

Question 10 of the ALSFRS describes breathing difficulty as a function of MND. 

ALSFRS score Description Severity level 

4 Normal None 

3 Shortness of breath with 

minimal exertion 

Mild 

2 Shortness of breath at rest Moderate 

0-1 Intermittent ventilator 

assistance required/ventilator-

dependent 

Severe 

 

Speech problems 
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Speech impairment due to MND is derived from ALSFRS question 1, which describes speech impediments. 

A score of 4 on this question denotes no impairment, while all other values suggest some impairment. 

Creating sequelae 

After determining the severity status of each case for the three symptom umbrellas, we subsequently 

estimated the relative proportion of each combination of symptom class and their respective severities. 

Those without any symptoms (eg, no severity) were categorised as having worry about the diagnosis for 

disability estimation. The following table displays the various sequelae and their associated proportions. 

Sequela Proportion 

(Mean) 

Proportion 

(Lower) 

Proportion 

(Upper) 

Mild motor impairment, mild respiratory problems and speech 

problems due to motor neuron disease 

0.01779 0.01658 0.01909 

Mild motor impairment, moderate respiratory problems and 

speech problems due to motor neuron disease 

0.00270 0.00225 0.00324 

Mild motor impairment, severe respiratory problems and 

speech problems due to motor neuron disease 

0.00082 0.00059 0.00113 

Mild motor impairment, and speech problems due to motor 

neuron disease 

0.02052 0.01922 0.02190 

Moderate motor impairment, mild respiratory problems and 

speech problems due to motor neuron disease 

0.03377 0.03210 0.03552 

Moderate motor impairment, moderate respiratory problems 

and speech problems due to motor neuron disease 

0.00715 0.00640 0.00799 

Moderate motor impairment, severe respiratory problems and 

speech problems due to motor neuron disease 

0.00286 0.00240 0.00342 

Moderate motor impairment, and speech problems due to 

motor neuron disease 

0.03041 0.02883 0.03208 

Severe motor impairment, mild respiratory problems and 

speech problems due to motor neuron disease 

0.05242 0.05035 0.05457 

Severe motor impairment, moderate respiratory problems and 

speech problems due to motor neuron disease 

0.02247 0.02111 0.02392 

Severe motor impairment, severe respiratory problems and 

speech problems due to motor neuron disease 

0.01365 0.01259 0.01479 

Severe motor impairment and speech problems due to motor 

neuron disease 

0.04765 0.04567 0.04970 

Mild respiratory problems and speech problems due to motor 

neuron disease 

0.01157 0.01060 0.01263 

Moderate respiratory problems and speech problems due to 

motor neuron disease 

0.00142 0.00111 0.00182 

Severe respiratory problems and speech problems due to 

motor neuron disease 

0.00023 0.00013 0.00043 

Speech problems due to motor neuron disease 0.02457 0.02315 0.02608 

Mild motor impairment and mild respiratory problems due to 

motor neuron disease 

0.02245 0.02109 0.02389 

Mild motor impairment and moderate respiratory problems 

due to motor neuron disease 

0.00275 0.00230 0.00329 
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Mild motor impairment and severe respiratory problems due 

to motor neuron disease 

0.00068 0.00047 0.00097 

Mild motor impairment due to motor neuron disease 0.10388 0.10103 0.10681 

Moderate motor impairment and mild respiratory problems 

due to motor neuron disease 

0.06744 0.06511 0.06985 

Moderate motor impairment and moderate respiratory 

problems due to motor neuron disease 

0.01302 0.01199 0.01413 

Moderate motor impairment and severe respiratory problems 

due to motor neuron disease 

0.00412 0.00356 0.00477 

Moderate motor impairment due to motor neuron disease 0.20136 0.19760 0.20518 

Severe motor impairment and mild respiratory problems due 

to motor neuron disease 

0.06902 0.06666 0.07146 

Severe motor impairment and moderate respiratory problems 

due to motor neuron disease 

0.02000 0.01872 0.02137 

Severe motor impairment and severe respiratory problems due 

to motor neuron disease 

0.01062 0.00969 0.01163 

Severe motor impairment due to motor neuron disease 0.15037 0.14702 0.15378 

Mild respiratory problems due to motor neuron disease 0.00643 0.00571 0.00723 

Moderate respiratory problems due to motor neuron disease 0.00044 0.00028 0.00069 

Severe respiratory problems due to motor neuron disease 0.00005 0.00001 0.00017 

Asymptomatic, but worry about diagnosis due to motor neuron 

disease 

0.03738 0.03562 0.03921 

 

To determine disability due to these sequelae, we use the standard multiplicative aggregation formula as 

described in the main text. The following table provides description and disability weight assigned to the 

sequelae as appropriate. 

Symptom 

group 

Severity level Lay description DW (95%) 

Respiratory 

problems 

Asymptomatic 
  

Respiratory 

problems 

Mild Has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs. 

0.019 

(0.011に0.033) 

Respiratory 

problems 

Moderate Has cough, wheezing, and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few 

stairs. 

0.225 

(0.153に0.31) 

Respiratory 

problems 

Severe Has cough, wheezing, and shortness of 

breath all the time. The person has 

great difficulty walking even short 

distances or climbing any stairs, feels 

tired when at rest, and is anxious. 

0.408 

(0.273に0.556) 

Motor 

impairment 

Asymptomatic 
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Motor 

impairment 

Mild Has some difficulty in moving around 

but is able to walk without help. 

0.01 

(0.005に0.019) 

Motor 

impairment 

Moderate Has some difficulty in moving around 

and difficulty in lifting and holding 

objects, dressing, and sitting upright, 

but is able to walk without help. 

0.061 

(0.04に0.089) 

Motor 

impairment 

Severe Is unable to move around without help, 

and is not able to lift or hold objects, 

get dressed, or sit upright.  

0.402 

(0.268に0.545) 

Speech 

problems 

No 
  

Speech 

problems 

Yes Has difficulty speaking, and others find 

it difficult to understand.  

0.051 

(0.032に0.078) 

Asymptomatic, 

but worry 

Yes Has a disease diagnosis that causes 

some worry but minimal interference 

with daily activities. 

0.012 

(0.006に0.023) 

 

Modelling strategy  

We use DisMod 2.1 as the main analytical tool for MND estimation. Prior settings are limited to 0 

remission at all ages. We also constrain the super-region random effects for prevalence and incidence to -

0.5 and 0.5 to account for spurious inflation of regional differences. 

 

Claims data for 2000 are adjusted via a study covariate to account for systematically low estimates 

relative to other available claims data. Implicit in this adjustment is the assumption that variation 

between years of claims data is a function of data-collection inconsistencies and noise. 

 

Similar to other cases we use GBD estimates of cause-specific mortality rate (CSMR) and excess mortality 

rate (EMR) in this model. The source and estimation of these rates are discussed elsewhere. 

 

To assist the estimation process we use several country-level covariates. 

 

Covariate Measure Beta Exponentiated 

Absolute value of average 

latitude 

Prevalence 0.004 

 

1.00 (1.00 to 1.01) 

 

LDI (I$ per capita) Excess 

mortality rate 

-0.50 

 

0.61 (0.61 to 0.61) 

 

All MarketScan, year 2000 Prevalence -0.038 

 

0.96 (0.94 to 0.98) 

 

 

Although there are no known cures for MND, we expect disease management to differ globally に largely 

as a function of available resources. To capture this, we use the natural log of lagged distributed income 

per capita as a proxy to capture this relationship in the estimation of excess mortality.  

 

As described in the literature, extreme latitude may be associated with higher prevalence and incidence 

of motor neuron disease. While the pathway that affects motor neuron disease is not fully understood, 
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our results suggest a relationship. Our operationalisation of latitude is created by a population-weighted 

average of latitude by country and taking the absolute value. The underlying population distribution 

rasters are part of the Gridded Population of the World dataset. 
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Headaches 

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input DataMigraine Surveys

Nonfatal database に 
Migraine

Dismod-MR 2.1 

(definite headache)

Claims data

Study-level covariates:

Claims Data

Poor response

Not one-year recall period

Not representative population

Low quality sampling method

Low quality survey method

Low quality diagnostic criteria

Low quality validation of 

diagnostic instrument

Comorbidity 

adjusted YLDs

DALYs

Age-sex splitting 

and age splitting

Meta-analysis of 

frequency and 

duration to 

determine 

proportion of time 

episodic

1-year period 

prevalence and 

incidence by location/

age/sex/year for 

definite headache
Apply proportion of 

time episodic, by 

probable/definite 

and sex

Point prevalence of 

symptomatic, 

definite migraine by 

location/age/sex/

year

Point prevalence of 

definite migraine, 

not symptomatic, 

by location/age/

sex/year

Medication 

Overuse 

Headache

 Surveys Nonfatal database に 
Medication Overuse 

Headache

Dismod-MR 2.1 

(model 1)

Claims data

Study-level covariates:

Claims Data

Poor response

Not one-year recall period

Not representative population

Low quality sampling method

Low quality survey method

Low quality diagnostic criteria

Low quality validation of 

diagnostic instrument

Age-sex splitting 

and age splitting A study in Russia (Ayzenberg 

2012) reporting average 

number of days a month 

with headache

1-year period 

prevalence and 

incidence by 

location/age/sex/

year

Apply proportion of 

time episodic

Point prevalence of 

symptomatic 

medication overuse 

headache by location/

age/sex/year

Point prevalence of 

medication overuse 

headache, not 

symptomatic, by 

location/age/sex/year

Tension-Type 

Headache 

Surveys Nonfatal database に 
Tension-Type 

Headache

Dismod-MR 2.1 

(model 1)

Claims data

Study-level covariates:

Claims Data

Poor response

Not one-year recall period

Not representative population

Low quality sampling method

Low quality survey method

Low quality diagnostic criteria

Low quality validation of 

diagnostic instrument

Age-sex splitting 

and age splitting Meta-analysis of 

frequency and 

duration to 

determine 

proportion of time 

episodic

1-year period 

prevalence and 

incidence by 

location/age/sex/

year

Apply proportion of 

time episodic

Point prevalence of 

symptomatic tension-

type headache by 

location/age/sex/year

Point prevalence of 

tension-type 

headache, not 

symptomatic, by 

location/age/sex/year

Meta-analysis for the 

proportion of medication 

overuse headache due to 

migraine and tension-type 

hedache

Point prevalence of 

symptomatic 

medication overuse 

headache due to 

migraine by location/

age/sex/year

Point prevalence of 

symptomatic medication 

overuse headache, not 

symptomatic, due to 

migraine by location/age/

sex/year

Point prevalence of  

medication overuse 

headache, not 

symptomatic due to 

tension-type headache 

by location/age/sex/year

Point prevalence of 

symptomatic medication 

overuse headache due to 

tension-type headache

 by location/age/sex/year

Custom Splitting

Custom 

Aggregation

Point prevalence of 

all symptomatic 

migraine by 

location/age/sex/

year

Point prevalence of all 

migraine, not 

symptomatic, by 

location/age/sex/year

Custom 

Aggregation

Point prevalence of all 

symptomatic tension-

type headache by 

location/age/sex/year

Point prevalence of all 

tension-type 

headache, not 

symptomatic, by 

location/age/sex/year

Comorbidity 

adjusted YLDs

DALYs

Unadjusted YLD  

Disability weight

Unadjusted YLD 

Disability weight

Unadjusted YLD 

Unadjusted YLD 

Disability weight

Custom 

Aggregation

Custom 

Aggregation

Unadjusted YLD 

for all tension-

type headache 

Unadjusted 

YLD for all 

migraine

Dismod-MR 2.1 

(probable 

headache)

Dismod-MR 2.1 

(probable and 

definite headache)

Squeeze definite 

and probable 

models to the total
1-year period 

prevalence and 

incidence by location/

age/sex/year for 

probable headache

Point prevalence of 

symptomatic, 

probable migraine 

by location/age/

sex/year

Point prevalence of 

probable migraine, 

not symptomatic, 

by location/age/

sex/year

 

Case Definitions 

Migraine 

Migraine is a disabling primary headache disorder, typically characterised by recurrent moderate or 

severe unilateral pulsatile headaches. The ICD-10 code for migraine is G43 and ICD-9 code is 346. The two 

major types are migraine without aura and migraine with aura (transient neurological symptoms). In GBD, 

we do not distinguish between migraine with and without aura as most epidemiological studies report on 

overall migraine only. The reference diagnostic criteria for migraine are from the International 

Classification of Headache Disorders (ICHD)-3, which describe five criteria: 

At least five attacks fulfilling criteria 2-5 

1. Headache attacks lasting 4-72 hr (untreated or unsuccessfully treated) 

2. Headache has at least two of the following four characteristics: 

a. Unilateral location 

b. Pulsating quality 

c. Moderate or severe pain intensity 

d. Aggravation by or causing avoidance of routine physical activity 

3. During headache at least one of the following: 

a. Nausea and/or vomiting 

b. Photophobia and phonophobia 

4. Not better accounted for by another ICHD-3 diagnosis 

Definite migraine is headache that satisfies all the criteria outlined above, while probable migraine 

satisfies all criteria except one. Studies that have looked at the reasons for cases with probable headache 

not fulfilling criteria definite diagnosis have suggested that most often it is the duration criterion that is 
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left unfilled.1,2 ,3 ,4 ,5 In previous rounds of GBD we have not distinguished between probable and definite 

migraine, but for GBD 2017 we have both accounted for the varying case definitions used by different 

sources and have also accounted for the difference in average duration of episodes through our 

calculation of the proportion of time symptomatic ふさデｷﾏW ゲ┞ﾏヮデﾗﾏ;デｷIざ) by headache type 

(probable/definite).   

Tension-type headache 

Tension-type headache (TTH) is characterised by a dull, non-pulsatile, diffuse, band-like (or vice-like) pain 

of mild to moderate intensity in the head or neck. The ICD-10 code for TTH is G44.2 and the ICD-9 code is 

339.1. The reference diagnostic criteria for tension-type headache are from the ICHD-3, which describe 

five criteria: 

1. At least 10 attacks fulfilling criteria 2-5 

2. Lasing from 30 minutes to 7 days 

3. At least two of the following four characteristics: 

a. Bilateral location 

b. Pressing or tightening (non-pulsating) quality 

c. Mild or moderate intensity 

d. Not aggravated by routine physical activity such as walking or climbing stairs 

4. Both of the following: 

a. No nausea or vomiting 

b. No more than one of photophobia or phonophobia 

5. Not better accounted for by another ICHD-3 diagnosis 

Definite tension-type headache is headache that satisfies all criteria outlined above, while probable 

tension-type headache satisfies all criteria except one. In previous rounds of GBD we have not 

distinguished between probable and definite tension-type headache, but for GBD 2017 we have 

accounted for varying case definitions used by different sources. There was not sufficient evidence 

pointing to a difference in duration between probable and definite tension-type headache, so we applied 

a single value for the proportion of time symptomatic for tension-type headache.   

Medication overuse headache 

Both migraine and tension-type headache can give rise to medication overuse headache (MOH), with the 

following International Classification of Headache Disorders (ICHD-3) diagnostic criteria: 

1. Headache occurring on ≥15 days/month in a patient with a pre-existing headache disorder  

                                                           
1Kim B-K, Chung YK, Kim J-M, Lee K-S, Chu MK. Prevalence, clinical characteristics and disability of migraine and probable migraine: A nationwide 

population-based survey in Korea. Cephalalgia 2013; : 1106に16. 
2 L;ﾐデYヴｷどMｷﾐWデ Mが V;ﾉ;SW Dが GYヴ;┌S Gが Chautard M, Lucas C. Migraine and probable migraine に results of FRAMIG 3, a French nationwide survey 

carried out according to the 2004 IHS classification. Cephalalgia; : 1146に58. 
3 Pfaffenrath V, Fendrich K, Vennemann M, et al. Regional variations in the prevalence of migraine and tension-type headache applying the new 

IHS criteria: the German DMKG Headache Study. Cephalalgia; : 48に57. 
4 Rasmussen BK, Jensen R, Olesen J. A Population-Based Analysis of the Diagnostic Criteria of the International Headache Society. Cephalalgia 

1991; : 129に34. 
5 Fendrich K, Vennemann M, Pfaffenrath V, et al. Headache Prevalence Among Adolescents ね The German DMKG Headache Study. Cephalalgia 

2007; : 347に54. 
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2. Regular overuse for >3 months of one or more drugs that can be taken for acute and/or 

symptomatic treatment of headache 

3. Not better accounted for by another ICHD-3 diagnosis. 

ICHD-3 explicitly states that, when a person fulfils criteria for both migraine and MOH, both diagnoses 

should be given. However, our GBD headache collaborators, Steiner and Stovner, say that in survey 

practice, a screening question on chronic headache is used first, followed by questions to determine if 

medication overuse is present. This means the diagnoses of migraine and MOH become mutually 

exclusive (obviating any potential problem of double-counting). 

Input Data 

Migraine 

We conducted an update to the systematic review of migraine for GBD 2017, which covered September 

2015 to September 2017. The search string for this review was (((((("migraine disorders"[MeSH Terms] OR 

migraine[All Fields]) AND ((prevalence[Title/Abstract] OR incidence[Title/Abstract] OR 

remission[Title/Abstract] OR epidemiology[Title/Abstract])) AND ("2015/09/01"[Date - Publication] : 

"2017/09/19"[Date - Publication])))))).  The search yielded 490 hits, with 29 ultimately marked for 

extraction. A flowchart documenting this review is displayed below.  

490 Sources 

Identified in 

Systematic Review

54 Sources after 

Title/Abstract 

Screening

436 Sources 

Excluded based on 

Title/Abstract 

Screening

29 Sources after 

Full-Text Screening

25 Sources Excluded 

based on Full Text 

Screening

29 Sources 

Extracted
 

Inclusion criteria of the systematic reviews were: 

o Representative, population-based surveys 

o Reporting of prevalence of migraine headache  
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In past GBD rounds, we have utilised medical claims data from the US. However, for this round of GBD we 

decided to exclude these data as the adjustment needed make the claims data comparable to population 

representative surveys was unstable.   

The table below illustrates the geographic distribution of migraine data. 

 
Prevalence 

Site-years (total) 124 

Number of countries with data 48 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

For this round of GBD, we also went back to each data source to document whether or not the study 

reported on definite or probable headache and re-extracted extra information where it was available. If a 

study reported a more detailed age or sex pattern for one type of headache and not the other, we 

applied the age/sex pattern from the type with more detailed data to the type with less detailed data.  

Additionally, if there were data points where the age range spanned greater than 20 years, we age split 

the data using the DisMod age pattern from the super-region containing that data point.   

 

Tension-type headache 

We conducted an update to the systematic review of TTH for GBD 2017, which covered January 2015 to 

September 2017. The search string for this review was ((((("headache"[MeSH Terms]) OR 

("headache"[Title/Abstract] AND "tension"[Title/Abstract])) AND ("epidemiology"[Title/Abstract] OR 

"prevalence"[Title/Abstract] OR "incidence"[Title/Abstract] OR "remission"[Title/Abstract])) AND 

("2015/04/01"[Date - Publication] : "2017/09/25"[Date - Publication]))). The search yielded 299 initial hits 

and 19 studies were ultimately extracted. A flow chart documenting this review is displayed below. 
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299 Sources 

Identified in 

Systematic Review

33 Sources after 

Title/Abstract 

Screening

266 Sources 

Excluded based on 

Title/Abstract 

Screening

19 Sources after 

Full-Text Screening

14 Sources Excluded 

based on Full Text 

Screening

19 Sources 

Extracted
 

Inclusion criteria of the systematic reviews were: 

o Representative, population-based surveys 

o Reporting of prevalence of TTH headache  

In past GBD rounds, we utilised medical claims data from the US. However, for this round of GBD we 

decided to exclude these data, as the adjustment needed make the claims data comparable to population 

representative surveys was unstable.   

The table below illustrates the geographic distribution of TTH data. 

 
Prevalence 

Site-years (total) 80 

Number of countries with data 36 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

For this round of GBD, we also went back to each data source to document whether or not the study 

reported on definite or probable headache and re-extracted extra information where it was available. If a 

study reported a more detailed age or sex pattern for one type of headache and not the other, we 

applied the age/sex pattern from the type with more detailed data to the type with less detailed data.  

Additionally, if there were data points where the age range spanned greater than 20 years, we age split 

the data using the DisMod age pattern from the super-region containing that data point.   
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Medication overuse headache 

We conducted an update to the systematic review of MOH for GBD 2017, which covered January 2014 to 

September 2017. The search string for this review was (("headache"[MeSH Terms] OR 

"headache"[Title/Abstract]) AND ("pharmaceutical preparations"[MeSH Terms] OR "pharmaceutical 

preparations"[Title/Abstract] OR "medication"[Title/Abstract]) AND ("epidemiology"[Title/Abstract] OR 

"prevalence"[Title/Abstract] OR "incidence"[Title/Abstract] OR "remission"[Title/Abstract]) AND 

("2014/06/01"[PDAT] : "2017/09/25"[PDAT])). The search yielded 202 initial hits, and nine studies were 

ultimately extracted. A flow chart documenting this review is displayed below.   

202 Sources 

Identified in 

Systematic Review

18 Sources after 

Title/Abstract 

Screening

184 Sources 

Excluded based on 

Title/Abstract 

Screening

9 Sources after Full-

Text Screening

9 Sources Excluded 

based on Full Text 

Screening

9 Sources Extracted

 

Inclusion criteria of the systematic reviews were: 

o Representative, population-based surveys 

o Reporting of prevalence of MOH headache  

The table below shows the geographic distribution of MOH data. 

 
Prevalence Remission 

Site-years (total) 41 9 

Number of countries with data 25 6 

Number of GBD regions with data (out of 21 regions) 9 2 

Number of GBD super-regions with data (out of 7 super-regions) 7 2 
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Study-level covariates 

We used a list of binary covariates which are a modified version of quality indicators of epidemiological 

studies on headache (Steiner TJ, Stovner LJ et al [2013]. Improving quality in population surveys of 

headache prevalence, burden, and cost: key methodological considerations. J Headache Pain, 14: 87) and 

shown in the table below. 

 

Study covariate Notation 

Less desirable (1) Reference (zero) 

Other than one-

year recall period 

Point prevalence One-year prevalence 

Not representative 
Selected population  

 

General population or community-based 

sample from whole country OR general 

population or community-based sample 

from defined region within a country, or 

school-based (for children)  

Low-quality 

sampling method 

Not stated OR no (or failed) attempt 

to secure representativeness 

Total defined population, or random 

sample corrected for population 

demographics OR random sample 

uncorrected for population 

demographics 

Poor response Not stated, or <70% 70に100% 

Low-quality survey 

method and type of 

interviewer 

Not stated OR self-administered 

(unsupervised) questionnaire OR 

telephone or face-to-face interview 

by untrained or unspecified 

interviewer(s) 

Face-to-face interview with headache 

expert or trained interviewer 

 

Low-quality 

validation of 

diagnostic 

instrument 

 

Instrument not specified or not 

validated OR validated, but 

sensitivity and/or specificity <70% 

OR validated only in screen-positive 

sub-sample, or in clinic or 

unspecified sample, but sensitivity 

and specificity 70% 

Validated in target population or similar, 

and sensitivity and specificity 70%, or 

all diagnoses made in face-to-face or 

telephone interviews by headache 

expert 

Low-quality 

diagnostic criteria 

Not stated OR stated, other than 

ICHD OR ICHD (or reasonable 

modification) 

ICHD (or reasonable modification) 

 

We also added covariates for whether or not the estimates from the study were based on lifetime recall 

of headaches and whether or not the study was conducted in a school setting. For migraine and tension-

type headache, we additionally included a covariate to mark studies where the type of headache 

(probable/definite) was not explicitly mentioned in the study but was determined based on the diagnostic 

criteria stated.   

All study covariates were initially evaluated as x-covs (which means that data points were adjusted to the 

reference value if a systematic bias is detected); those that did not have a significant coefficient were 
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entered as z-covs (which means that a multiplier was applied to the standard error of such data points to 

indicate they were less certain values because they did not meet the reference criteria for study quality). 

Modelling Strategy 

Migraine 

For GBD 2017, we ran separate DisMod models for definite migraine, probable migraine, and the total 

migraine category. After running the separate models, we then scaled the results of probable and definite 

headache to the total headache envelope to ensure consistency.   

Because some data sources, especially earlier data from before ICHD became the standard (the initial 

criteria were published in 1988), largely report on definite migraine, we also adjusted studies that 

reported only on definite migraine to the total migraine category in order to better inform that model. All 

data that reported on both definite and total migraine were used in regression models by sex in order to 

derive an age- and sex-specific adjustment. The adjustment is shown in the graphs below.  

 

In all models, we decided to exclude the covariate on SDI, because the coefficient was not significant and 

was unstable. For all models we also assumed no excess mortality due to migraine, and no incidence from 

0 to age 5 based on expert advice. We also set remission to be between 0 and 0.1.   

The tables below showsthe fixed-effect values of the x-covs which are in log space (since DisMod uses an 

offset lognormal model) as well as the exponentiated values, which for an x-cov can be interpreted as an 

odds ratio. 

Definite migraine 

Study covariate Parameter beta Exponentiated beta 

Study school population Prevalence 0.71 2.03 (1.99 to 2.12) 

481



Low-quality sampling 

method 

Prevalence 
0.27 1.31 (1.19 to 1.44) 

Recall lifetime Prevalence 0.021 1.02 (1.00 to 1.07) 

 

Probable migraine 

Study covariate Parameter beta Exponentiated beta 

Study school population Prevalence 1.01 2.74 (2.04 to 4.20) 

Low-quality sampling 

method 

Prevalence 
1.02 2.78 (2.42 to 3.16) 

Recall lifetime Prevalence 0.93 2.53 (2.08 to 3.07) 

 

Total migraine 

Study covariate Parameter beta Exponentiated beta 

Study school population Prevalence 0.70 2.01 (1.99 to 2.07) 

Recall lifetime Prevalence 0.01 1.11 (1.00 to 1.22) 

 

Tension-type headache 

As we do not have different estimates of time symptomatic by headache type for TTH, we only ran one 

DisMod model for total tension-type headache. However, we adjusted the data for definite tension-type 

headache to reflect the level of total headache to better inform the model. The adjustment was 

determined through sex-specific regression models informed by studies that reported on both total 

headache and definite headache. The result of that adjustment is shown below.   

 

Prior settings in the DisMod model included setting incidence to 0 before age 5, based on expert advice. 

We also assumed no excess mortality due to TTH. In the absence of any data on remission, we set bounds 
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between 0 and 0.5, ie, ensuring an average duration of at least two years. We decided to exclude the 

covariate on SDI, because the coefficient was not significant and was unstable. 

The table below shows the fixed-effect values of the x-covs which are in log space (since DisMod uses an 

offset lognormal model) as well as the exponentiated values, which for an x-cov can be interpreted as an 

odds ratio. 

Study covariate Parameter beta Exponentiated beta 

Study school population Prevalence 0.034 1.03 (1.00 to 1.11) 

Other than 1-year period 

recall 

Prevalence 
-0.32 0.73 (0.62 to 0.85) 

 

Medication overuse headache 

MOH was initially modelled separately in DisMod, then included as a sequela of TTH in the proportion 

estimated as due to TTH. Prior settings in the DisMod model included setting incidence to 0 before age 5 

based on expert advice. We also assume no excess mortality due to MOH. Based on seven literature 

sources on remission (listed in references below), we set bounds of the remission to be between 0 and 

0.4. SDI was removed as a country-level covariate because the coefficient was not significant and was 

unstable.   

The table below shows the fixed-effect values of the x-covs which are in log space (since DisMod uses an 

offset lognormal model) as well as the exponentiated values, which for an x-cov can be interpreted as an 

odds ratio. 

Study covariate Parameter beta Exponentiated beta 

Low-quality survey method Prevalence -0.73 0.48 (0.42 to 0.54) 

 

Calculation of time symptomatic 

In previous ｷデWヴ;デｷﾗﾐゲ ﾗa GBDが Wゲデｷﾏ;デWゲ ﾗa デｴW ヮヴﾗヮﾗヴデｷﾗﾐ ﾗa デｷﾏW ﾗ┗Wヴ ; ┞W;ヴ ゲヮWﾐデ ┘ｷデｴ ｴW;S;IｴW ふさデｷﾏW 
ゲ┞ﾏヮデﾗﾏ;デｷIざぶ ┌ゲWS ﾏWデ;-analyses of studies reporting on both frequency and duration. An estimate of 

time symptomatic was derived by study, and these results were meta-analysed to obtain a final estimate.  

However, for GBD 2017 we decided to separately meta-analyse estimates of duration and frequency, 

which allowed for the inclusion of additional studies that reported on either one value or the other.    

Migraine 

To determine the proportion of time over a year spent with migraine headache ふさデｷﾏW ゲ┞ﾏヮデﾗﾏ;デｷIざぶ, we 

meta-analysed data on the frequency and duration of definite headache and total headache combined.  

There were not enough data available to obtain reliable estimates on the frequency and duration of 

probable headache from the literature. A meta-analysis of 20 studies on the frequency of definite 

migraine yielded a frequency of 39.68 attacks per year and a meta-analysis of 12 studies on the duration 

of definite migraine yielded a duration of 20.83 hours, which indicates a proportion of time symptomatic 

of 0.094. A meta-analysis of 11 studies on the frequency of the total migraine category yielded a 

frequency of 43.8 attacks per year and a meta-analysis on nine studies on the duration of the total 

migraine category yielded a duration of 14.87 hours, which indicates a proportion of time symptomatic of 
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0.074. As the proportion of time symptomatic for the total migraine category is the weighted average of 

time symptomatic for definite and probable migraine, weighted by the prevalence of each headache type, 

the proportion of time symptomatic for probable migraine can be calculated as shown below. 劇件兼結 鯨検兼喧牒追墜長銚長鎮勅 噺  劇件兼結 鯨検兼喧脹墜痛銚鎮  伐  鶏堅結懸欠健結券潔結帖勅捗沈津沈痛勅 茅 劇件兼結  鯨検兼喧帖勅捗沈津沈痛勅鶏堅結懸欠健結券潔結牒追墜長銚長鎮勅  

Using this equation, we calculated the proportion of time spent symptomatic for probable migraine is 

0.049.   

Tension-type headache 

As there were not enough data to determine whether or not the proportion of time symptomatic varied 

by headache type, we calculated one value for the proportion of time symptomatic and applied this 

proportion to the entire category of tension-type headache. A meta-analysis of seven studies on the 

frequency of the total tension-type headache category yielded an estimate of 37.83 attacks per year and 

a meta-analysis on six studies on the duration of the total tension-type headache category yielded an 

estimate of a duration of 12.93 hours. Using these estimates, we calculated the proportion of time 

symptomatic as 0.046.   

Medication overuse headache 

While previously we had used one study reporting on the number of days with headache per month to 

determine the proportion of time spent over a year with medication overuse headache, this year we 

decided to employ the same strategy used for migraine and tension-type headache, wherein an estimate 

is derived by meta-analysing frequency and duration data. To determine the proportion of time over a 

year spent with medication overuse headache, we meta-analysed the two available studies on frequency 

and used the one available study on duration. The result of the meta-analysis on frequency gave an 

estimate of 250.83 attacks per year, and the available source on duration estimated an average duration 

of 18.59 hours. From this data we estimated that the proportion of time symptomatic for medication 

overuse headache was 0.532.   

Medication overuse headache split 

As medication overuse headache can develop from migraine or tension-type headache, we split 

medication overuse into sequelae of both primary headache disorders. Based on a meta-analysis of three 

sources, 73.2% (63.7に81.0) of medication-overuse headache is assigned to medication overuse headache 

due to tension-type headache. The forest plot is shown below.   
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Other neurological disorders 
In addition to the neurological disorders described above, there are many diverse types of neurological 

disorders with a range of severities and associated sequelae. Because these neurological disorders are 

diverse in their underlying causes and risk factors as well as in their associated health outcomes, 

modelling them together in a DisMod-MR model would not produce reliable estimates of prevalence or 

excess mortality. Instead, we calculated the YLDs caused by neurological disorders directly using a 

YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified neurological disorders for which non-fatal 

outcomes were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. We then 

multiplied this YLD/YLL ratio by the YLL estimates for other neurological disorders from the GBD 2017 CoD 

analysis, providing us with an estimate of the YLDs associated with other neurological disorders. 
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Schizophrenia 

Flowchart 

Survey and registry  

data

Nonfatal 

database
Dismod-MR 2.1

Prevalence & incidence 

by location/year/age/

sex for schizophrenia

Comorbidity 

correction 

(COMO)

Comorbidity 

adjusted 

YLDs

Location-level covariate: LDI (I$ per capita)

Age-sex 

splitting

Disability weights for each 

sequela

Literature

Severity splits

Prevalence of 

acute 

schizophrenia

Unadjusted 

YLD by 

sequalae

Meta-analysis of % acute 

and  residual 

schizophrenia

Input data ProcessResultsDatabase

Disability weights

Nonfatal

Burden estimationCause of death

Covariates

Prevalence of 

residual 

schizophrenia

 

Case Definition 

Schizophrenia is a chronic psychotic disorder which involves the experience of positive symptoms (eg, 

delusions, hallucinations, thought disorder) and negative symptoms (eg, flat affect, loss of interest, and 

emotional withdrawal). Included in the GBD disease modelling were cases meeting the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV-TR) or the International Classification of Diseases (ICD-

10) diagnostic criteria for schizophrenia (DSM: 295.10-295.30, 295.60, 295.90; ICD: F20).1,2 Diagnostic 

criteria are: 

A. Two (or more) of the following, each present for a significant portion of time during a one-

month period (or less if successfully treated):  

1. Delusions 

2. Hallucinations 

3. Disorganised speech 

4. Grossly disorganised or catatonic behavior 

5. Negative symptoms 

486



B. Social/occupational dysfunction 

C. Continuous signs of the disturbance persist for at least 6 months. 

D. Exclusions must be met for schizoaffective and mood disorders, substance and general medical 

conditions, and a relationship to a pervasive development disorder. 

 

Input data 

Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with schizophrenia. In summary, the search was 

conducted in three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, 

Embase and PubMed), the grey literature, and expert consultation. The inclusion criteria stipulated that 

ふヱぶ デｴW ヮ┌HﾉｷI;デｷﾗﾐ ┞W;ヴ ﾏ┌ゲデ HW aヴﾗﾏ ヱΓΒヰ ﾗﾐ┘;ヴSき ふヲぶ さI;ゲWﾐWゲゲざ ﾏ┌ゲデ HW H;ゲWS ﾗﾐ IﾉｷﾐｷI;ﾉ デｴヴWゲｴﾗﾉS 
as established by the DSM or ICD; (3) sufficient information must be provided on study method and 

sample characteristics to assess the quality of the study; and (4) study samples must be representative 

of the general population (ie, inpatient or pharmacological treatment samples, case studies, veterans, or 

refugee samples were excluded). No limitation was set on the language of publication.  

The agreed-upon approach for mental and substance use disorders was to conduct electronic database 

searches on a rollｷﾐｪ H;ゲｷゲく Aﾉﾉ デｴヴWW ゲデ;ｪWゲ ﾗa GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱ5 

and GBD 2017. Additionally, two targeted systematic reviews were conducted to further supplement the 

schizophrenia dataset. The first review captured studies reporting on the epidemiology of schizophrenia 

within Maori versus non-Maori populations (as opposed to New Zealand more broadly), given the 

inclusion of these two sub-groups in GBD 2017. The second review searched for studies on the 

epidemiology of schizophrenia in China using primarily the China National Knowledge Infrastructure 

database. The focus was to search for studies published in Chinese journals that would not typically be 

captured in mainstream databases such as PsycInfo, Embase and PubMed. 

The table below shows the number of site-years of data represented in the GBD 2017 model, as well as 

the number of countries and GBD world regions represented. 

 Prevalence Incidence Remission Other 

Site-years (total) 120 57 31 62 

Number of countries with data 24 17 13 27 

Number of GBD regions with data (out 

of 21 regions) 10 8 8 14 

Number of GBD super-regions with data 

(out of 7 super-regions) 5 6 5 8 

 

Age and sex splitting 
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In GBD 2017, reported estimates of prevalence were split by age and sex where possible. First, if studies 

reported prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and 

females separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- 

to 30-year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates 

were split by sex using the reported sex ratio and bounds of uncertainty. Second, where studies 

reported estimates across age groups spanning 20 years or more, these were split into five-year age 

groups using the prevalence age pattern estimated by DisMod-MR.  

 

 

Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for 

schizophrenia severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

acute state Hears and sees things that are not real and is afraid, confused, 

and sometimes violent. The person has great difficulty with 

communication and daily activities, and sometimes wants to 

harm or kill himself (or herself). 

0.778 

(0.606に0.9) 

residual state Hears and sees things that are not real and has trouble 

communicating. The person can be forgetful, has difficulty 

with daily activities, and thinks about hurting himself (or 

herself). 

0.588 

(0.411に0.754) 

 

Severity splits used in GBD 2017 were consistent with those used in GBD 2016 for schizophrenia. 

Information on the distribution of acute and residual states of schizophrenia was obtained from a 

separate systematic review of the literature.4 Meta-XL (a Microsoft Excel add-in for meta-analysis) was 

used to pool estimates across all studies to calculate the overall proportion of schizophrenia cases in 

each health state に acute 63% (29%に91%) and residual state 37% (9%に71%). 

Modelling strategy 

The GBD 2017 epidemiological modelling strategy for schizophrenia made use of DisMod-MR 2.1 to 

estimate prevalence by age, sex, year, and country. Data across all epidemiological parameters were 

included in the modelling process. We assumed no incidence before age 10 and after age 80. This 

minimum age of onset was corroborated with expert feedback and existing literature on schizophrenia. 

Remission was also restricted to a maximum of 0.04 as guided by data available in the dataset. 
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Study-level covariates can be used in DisMod-MR 2.1 to accommodate for between-study variability in 

the raw prevalence data. In GBD 2017, tested covariates failed to demonstrate significance, resulting in 

a model without the inclusion of any covariates.  

A location-level covariate, LDI, was also included. This covariate represents a moving average of gross 

domestic product (GDP) over time. LDI was also applied to excess mortality data with a negative 

relationship assumed. The table below illustrates the covariate, parameter, beta and exponentiated 

beta values for the model. 

 

Location-level covariate Parameter beta Exponentiated beta 

LDI Excess mortality rate -0.55 (-1 to -0.1) 0.58 (0.37に0.90) 

Citations 

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-
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disorders as risk factors for suicide: findings from the Global Burden of Disease Study 2010. PloS one 

2014; 9(4): e91936. 

4. Ferrari AJ, Saha S, McGrath JJ, et al. Health states for schizophrenia and bipolar disorder within 

the Global Burden of Disease 2010 Study. Population Health Metrics 2012; 10(1): 16. 

 

489



Major Depressive Disorder 
 

Flowchart 

Survey data & 

estimated suicide 

rates attributable to 

MDD

Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/

age/sex for 

MDD

Comorbidity 

correction 

(COMO)

Comorbidity 

adjusted 

YLDs

Major depressive disorder (MDD)

Study-level covariates

1.Past-year prevalence data

2. Data derived from symptom scales

3. Data from Asian countries

4. Data from World Health Surveys

5. Data from school surveys

Age-sex 

splitting

Disability weights 

for each sequela

Opportunistic surveys by IHME to fill SF-12 

for 60 lay descriptions

MEPS

Location-level covariates

1.Mortality rate due to conflict in last 10 

years (per 1 person)

2. Age-standardized SEV scalar: 

Depression

Surveys with diagnostic information & SF-

12: NESARC & NSMHWB

Mapping of 

EQ5D to SF-

12

Regression to estimate disability 

weights by cause in survey 

respondents controlling for 

comorbidity

Proportion by 

sequalea: 

mild, 

moderate, & 

severe MDD

Prevalence by 

sequalea: mild, 

moderate, & 

severe MDD

Unadjusted 

YLD by 

sequalae

Mapping to SF-12 

GBD disability 

weight

Input data ProcessResultsDatabase

Disability weights

Nonfatal

Burden estimationCause of death

Covariates

 

 

Case Definition 

Major depressive disorder (MDD) is an episodic mood disorder involving the experience of one or more 

major depressive episode(s). Included in GBD disease modelling were cases meeting diagnostic criteria for 

MDD according to the Diagnostic and Statistical Manual of Mental Disorders (DSM) or the equivalent 

diagnosis of recurrent depression in the International Classification of Diseases (ICD). These were 

identified by the following codes: DSM-IV-TR: 296.21に24, 296.31に34; ICD-10: F32.0に9, F33.0に9; excluding 

those cases due to a general medical condition or substance induced cases.1,2 

 

According to DSM-IV-TR criteria, MDD involves the presence of at least one major depressive episode, 

which is the experience of depressed mood almost all day, every day, for at least two weeks. Mood must 

represent a change from the ヮWヴゲﾗﾐげゲ baseline and impaired functioning must be observed across social, 

occupational, and educational domains. Additionally, a total of five out nine criteria must be met to make 

a diagnosis and at least one of the five criteria should either be:   

 さdepressed ﾏﾗﾗSざ for most of every day; or  
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 さloss of interest in nearly all ;Iデｷ┗ｷデｷWゲざ for most of every day. 

The other seven criteria are:  

 change in eating, appetite, or weight;  

 excessive sleeping or insomnia;  

 agitated or slow motor activity;  

 fatigue;  

 feeling worthless or inappropriately guilty;  

 trouble concentrating; and  

 repeated thoughts about death 

MDD was modelled as an episodic disorder with the average length of a major depressive episode (ie, 

duration) specified. This was consistent with previously proposed methodology for the modelling of MDD 

for burden of disease purposes.3-5 

 

Input data 

 Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with MDD. In summary, the search was conducted in 

three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, Embase and 

PubMed), the grey literature, and expert consultation. The agreed-upon approach for mental and 

substance use disorders was to conduct electronic database searches on a rolling basis. All three stages of 

GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ were repeated for GBD 2013 and GBD 2016. In GBD 2017, stages two and 

three of the literature review were conducted. Additionally, two targeted systematic reviews were 

conducted to further supplement the MDD dataset. The first review captured studies reporting on the 

epidemiology of MDD within Maori versus non-Maori populations (as opposed to New Zealand more 

broadly), given the inclusion of these two sub-groups in GBD 2017. The second review searched for 

studies on the epidemiology of MDD in China using primarily the China National Knowledge Infrastructure 

database. The focus was to search for studies published in Chinese journals that would not typically be 

captured in mainstream databases such as PsycInfo, Embase, and PubMed. 

The inclusion criteria stipulated that: (1) the publication year must be from 1980 onward; (2) さI;ゲWﾐWゲゲざ 
must be based on clinical threshold as established by the DSM or ICD; (3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans, or refugee samples were excluded). No limitation was set on the 

language of publication. Methods used for this systematic review have been reported in greater detail 

elsewhere.6,7  
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The table below summarizes data inputs for MDD by parameter. 

 

Other Prevalence 

Site-years (total) 25 494 

Number of countries with data 14 97 

Number of GBD regions with data (out of 21 regions) 5 20 

Number of GBD super-regions with data (out of 7 super-

regions) 2 7 

 

Age- and sex-splitting 

Reported estimates of prevalence were split by age and sex where possible. First, if studies reported 

prevalence for broad age groups by sex (eg, prevalence in 15 to 65 year old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

prevalence age pattern estimated by DisMod-MR 2.1.  

Attributable suicide estimates 

Given that MDD is an established risk factor for suicide,8 we supplemented the available data on excess 

mortality with estimated suicide rates (by age, sex, year, and location) attributable to MDD. These were 

Wゲデｷﾏ;デWS ┌ゲｷﾐｪ GBDげゲ Iﾗﾏヮ;ヴ;デｷ┗W ヴｷゲﾆ ;ゲゲWゲゲﾏWﾐデ ﾏWデｴﾗSﾗﾉﾗｪ┞ ┘ｴWヴWH┞ デｴW I┌ヴヴWﾐデ ｴW;ﾉデｴ ゲデ;デ┌ゲ ┘;ゲ 
compared with a theoretical-minimum-risk exposure defined as the counterfactual status of the absence 

of MDD in the population. Population attributable fractions (PAFs) were estimated using this established 

formula: 

 鶏畦繋 噺 喧 岫迎迎 伐 な岻喧 岫迎迎 伐 な岻 髪 な 

 

P referred to the exposure distribution, which in this case was the DisMod-MR 2.1 prevalence rates of 

MDD by age, sex, location and year. RR referred to the pooled relative-risk of suicide due to MDD 

obtained from an existing systematic review and meta-analysis.8 Age, sex, year, and location-specific PAFs 

were multiplied by their corresponding GBD suicide rate to estimate the proportion of suicide cases 

attributable to MDD. These were entered as cause-specific mortality rates in our epidemiological model 

for MDD. 

 

Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for MDD 

severity levels are shown below. 

Severity level Lay description DW (95% CI) 

Mild  Feels persistent sadness and has lost interest in usual 

activities. The person sometimes sleeps badly, feels tired, 

0.145 (0.099に0.209) 
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or has trouble concentrating but still manages to function 

in daily life with extra effort.  

Moderate Has constant sadness and has lost interest in usual 

activities. The person has some difficulty in daily life, 

sleeps badly, has trouble concentrating, and sometimes 

thinks about harming himself (or herself).  

0.396 (0.267に0.531) 

Severe Has overwhelming, constant sadness and cannot function 

in daily life. The person sometimes loses touch with 

reality and wants to harm or kill himself (or herself).  

0.658 (0.477に0.807) 

 

To determine the proportion of people with MDD within each of the severity levels, the US National 

Epidemiological Survey on Alcohol and Related Conditions (NESARC, conducted in two waves from 2001 

to 2002 and 2004 to 2005)9 and the Australian National Survey of Mental Health and Wellbeing of Adults 

(NSMHWB, conducted in 1997)10 were used to estimate the proportion of MDD cases asymptomatic 

(13%, 10%に17%), mild (59%, 49%に69%), moderate (17%, 13%に22%), and severe (10%, 3%に20%). 

Modelling Strategy 

The GBD 2017 epidemiological modelling strategy for MDD made use of DisMod-MR 2.1. Data across all 

epidemiological parameters were initially included in the modelling process. However, given that the few 

incidence data points available typically excluded cases of MDD at baseline, new major depressive 

episodes in people with previous episodes were not counted and incidence was underestimated. For this 

reason, we chose to exclude all raw incidence data in the final model and instead allowed Dismod-MR 2.1 

to calculate incidence based on data from other parameters. We assumed no incidence and prevalence 

before age 3. This minimum age of onset was corroborated with expert feedback and existing MDD 

literature.6 An average remission rate for a major depressive episode of 1.45 (1.3に1.6) was used. This was 

derived from the four longitudinal studies11-14 fitting a lognormal curve with least squared differences to 

data on the proportion of incident cases still fulfilling the case definition for major depression at intervals 

over a one-year period. As data were only available for a follow-up of one year, a decision had to be made 

about the maximum allowable duration of an episode. Setting this at 40 years, the average duration 

implied by the lognormal fit was 0.65 (0.59に0.70) of a year.15  

Study-level covariates were used to accommodate between-study variability in the raw prevalence data. 

A cv_past year recall covariate adjusted all data points derived from past year prevalence toward the level 

they would have been if the study had captured point/past-month prevalence. The latter prevalence 

period is less affected by recall bias. A cv_symptom scale covariate adjusted all data points derived using 

a symptom scale toward the level they would have been if the scale had strictly adhered to DSM or ICD 

thresholds for MDD. A cv_asian data points covariate was used to adjust all estimates derived using 

diagnostic interviews from East Asia, Southeast Asia, and Asia Pacific high-income using a ratio based on a 

study in China. Phillips and collaborators16 reported that the prevalence of MDD in China was 2.07% while 

the prevalence of mood disorders not otherwise specified (NOS) was 2.06%. Of the 808 individuals 

diagnosed with mood disorders NOS, 467 (58%) met criteria for minor depression (defined by DSM-IV-TR 

;ゲ デ┘ﾗ デﾗ aﾗ┌ヴ ﾗa ﾐｷﾐW ゲ┞ﾏヮデﾗﾏゲ ﾗa SWヮヴWゲゲｷﾗﾐ ﾉ;ゲデｷﾐｪ aﾗヴ дヲ ┘WWﾆゲぶく TｴWヴW ｷゲ W┗ｷSWﾐIW デﾗ ゲ┌ｪｪWゲデ デｴ;デ 
these reported cases of minor depression are likely misdiagnosed cases MDD as DSM/ICD diagnostic 

criteria are not sensitive to cross-cultural presentations of MDD in Asia.16-19 Based on this, a ratio of MDD 

+ minor depression: MDD only (1.53, 1.45に1.63) was derived from data presented by Phillips and 
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collaborators and used to adjust prevalence estimates from Asia in the model. The aim of this adjustment 

was not to capture sub-syndromal depression but instead, to pick up on diagnoses of MDD where there is 

evidence to suggest that the use of Western-based criteria has underestimated prevalence. A cv_school 

survey covariate adjusted estimates derived from school surveys downward, to the level they would have 

been had the study conducted a fully representative population survey. A cv_World Health Survey 

covariate was used to adjust all World Health Survey data downward. The World Health Surveys are 

surveys conducted by the World Health Organization in close to 70 countries. While these surveys 

capture useful information on the prevalence of depression, they make use of a symptom scale which 

does not fully meet DSM and ICD criteria for MDD. This covariate works in essentially the same way as the 

symptom scale covariate in adjusting World Health Survey estimates downward toward the level they 

would have been had the study strictly adhered to DSM or ICD thresholds for MDD. 

Location-level covariates were also included in the MDD model. A covariate identifying, for each GBD 

location, the mean mortality rate in the previous ten years due to war and terrorism informed the 

estimation of prevalence given existing evidence to show a positive association between conflict status 

and the prevalence of MDD.20,21 An age-standardised SEV scalar was also included. This made use of the 

fraction of MDD burden caused by its relevant risk factors combined to inform the estimation of 

prevalence. Intimate partner violence and childhood sexual violence are the two established risk factors 

of MDD for which attributable burden is estimated in GBD studies. Betas and exponentiated values (which 

can be interpreted as an odds ratio) for each study- and country-level covariate are shown in the table 

below: 

Study/country  covariate Parameter beta Exponentiated beta 

cv_asian datapoints Prevalence -0.42 (-0.48 to -0.37) 0.66 (0.62に0.69) 

cv_past year recall Prevalence 0.67 (0.63に0.72) 1.96 (1.88に2.05) 

cv_symptom scale Prevalence 1.09 (1.04に1.15) 2.98 (2.82に3.15) 

cv_school survey Prevalence 0.27 (0.17に0.38) 1.32 (1.18に1.46) 

cv_world health survey Prevalence 0.84 (0.77に0.92) 2.31 (2.15に2.51) 

Mean war mortality rate in the 

previous ten years  

Prevalence 
0.49 (0.022に0.97) 1.63 (1.02に2.65) 

Age-standardised SEV scalar: 

Depression 

Prevalence 
1.15 (0.93に1.25) 3.16 (2.53に3.48) 
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Case Definition 

Dysthymia is a mood disorder consisting of chronic depression, demonstrating less severe but longer-

lasting symptoms than major depressive disorder. Included in GBD disease modelling were cases meeting 

diagnostic criteria for dysthymia according to the Diagnostic and Statistical Manual of Mental Disorders 

(DSM), or the equivalent diagnosis in the International Classification of Diseases (ICD). These were 

identified by the following codes: DSM-IV-TR: 300.4, ICD-10: F34.1; excluding those cases due to a general 

medical condition or substance-induced cases.1,2 

 

According to DSM-IV TR criteria, dysthymia involves the experience of chronically depressed mood for 

most of the day, most days that not, for at least two years (or at least one year in children and 

adolescents). During this period, at least two of the following symptoms must also be experienced: 

 poor appetite or overeating; 

 insomnia or hypersomnia; 

 low energy or fatigue; 

 low self-esteem; 
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 poor concentration or indecisiveness; and 

 feelings of hopelessness 

 

Input data 

 Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with dysthymia. In summary, the search was 

conducted in three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, 

Embase, and PubMed), the grey literature, and expert consultation. The agreed-upon approach for 

mental and substance use disorders was to conduct electronic database searches on a rolling basis. All 

three stages ﾗa GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン ;ﾐS GBD ヲヰヱヶ. In GBD 2017, 

stages two and three of the literature review were conducted. Additionally, two targeted systematic 

reviews were conducted to further supplement the dysthymia dataset. The first review captured studies 

reporting on the epidemiology of dysthymia within Maori versus non-Maori populations (as opposed to 

New Zealand more broadly), given the inclusion of these two sub-groups in GBD 2017. The second review 

searched for studies on the epidemiology of dysthymia in China using primarily the China National 

Knowledge Infrastructure database. The focus was to search for studies published in Chinese journals that 

would not typically be captured in mainstream databases such as PsycInfo, Embase, and PubMed. 

The inclusion criteria stipulated that (1) the publication year must be from 1980 onward; (2) さI;ゲWﾐWゲゲざ 
must be based on clinical threshold as established by the DSM or ICD; (3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans, or refugee samples were excluded). No limitation was set on the 

language of publication. Methods used for this systematic review have been reported in greater detail 

elsewhere.3,4 The table below summarises data inputs for dysthymia by parameter.  

 

Prevalence Remission 

Site-years (total) 69 2 

Number of countries with data 31 2 

Number of GBD regions with data (out of 21 regions) 12 2 

Number of GBD super-regions with data (out of 7 super-

regions) 7 1 

 

Age- and sex-splitting 

Reported estimates of prevalence were split by age and sex where possible. First, if studies reported 

prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined), age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

prevalence age pattern estimated by DisMod-MR 2.1.  
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Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay description and disability weight for a 

symptomatic state of dysthymia are shown below. Given the milder and more stable presentation of 

dysthymia, it was assigned the same disability weight as that for mild major depressive disorder.  

 

Severity level Lay description DW (95% CI) 

Symptomatic 

dysthymia 

Feels persistent sadness and has lost interest in usual 

activities. The person sometimes sleeps badly, feels tired, 

or has trouble concentrating but still manages to function 

in daily life with extra effort.  

0.145 (0.099に0.209) 

 

To determine the proportion of people with symptomatic and asymptomatic dysthymia, the US National 

Epidemiological Survey on Alcohol and Related Conditions (NESARC, conducted in two waves from 2001 

to 2002 and 2004 to 2005)5 and the Australian National Survey of Mental Health and Wellbeing of Adults 

(NSMHWB, conducted in 1997)6 were used to estimate the proportion of dysthymia  cases asymptomatic 

(29%, 23%に36%) and symptomatic (71%, 64%に77%). 

 

Modelling Strategy 

The GBD 2017 epidemiological modelling strategy for dysthymia made use of DisMod-MR 2.1. Data across 

all epidemiological parameters were initially included in the modelling process. The incidence studies 

reported estimates which were very low relative to the prevalence data. As prevalence studies 

contributed much greater world coverage than incidence studies, we excluded the incidence data, relying 

instead on data from the other parameters. We assumed no incidence and prevalence before age 3. This 

minimum age of onset was corroborated with expert feedback and was consistent with the available 

data. Excess-mortality was set to 0 as there is no epidemiological evidence to suggest that dysthymia is 

associated with a statistically significant risk of mortality.3,4 

Study-level covariates were used to accommodate between-study variability in the raw prevalence data. 

A cv_lay interviewer covariate created a crosswalk between prevalence derived from clinically trained 

interviewers (desirable) and prevalence derived from lay-interviewers. A cv_past year prevalence 

covariate was originally included to adjust all data points derived from past year prevalence toward the 

level they would have been if the study had captured point/past-month prevalence. As the effect of this 

covariate was not statistically significant, it was excluded from the final model. Given that dysthymia is 

being modelled as a chronic disorder with a long duration of between six and 10 years, it was not 

surprising that we did not detect significant variation between point and past-year prevalence. 
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Betas and exponentiated values (which can be interpreted as an odds ratio) for each study level covariate 

are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

cv_lay interviewer Prevalence -0.37 ( -0.51 to -0.24) 0.69 (0.60に0.78) 

 

Given that there was an overall paucity of epidemiological data available for dysthymia, and the data 

available were very heterogeneous given differences in the data collection methodology used between 

studies, we applied a restriction on location random-effects of -0.3 to 0.3 to further guide the estimation 

of prevalence. 
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Case Definition 

Bipolar disorder is a chronic mood disorder with little or no complete remission. Included in GBD disease 

modelling were cases meeting diagnostic criteria for bipolar disorder according to the Diagnostic and 

Statistical Manual of Mental Disorders (DSM), or the equivalent diagnosis in the International 

Classification of Diseases (ICD).1,2 These were identified by the following codes: DSM-IV-TR: 296.0に296.8, 

296.89, 301.13; ICD-10: F31.0にF31.6, F31.8にF31.9, F34.0にF34.1, excluding those cases due to a general 

medical condition or substance-induced cases. A diagnosis of bipolar disorder involves the experience of 

one or more manic or hypomanic episode(s), which can be accompanied by a major depressive episode.  

 

According to DSM-IV-TR a manic episode involves the experience of elevated, expansive, or irritable mood 

lasting for at least one week. During this period, at least three (or four if mood is only irritable) of the 

following symptoms must also be experienced; 

 

 inflated self-esteem or grandiosity; 

 decreased need for sleep; 

 more talkative; 
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 flight of ideas or experience that thoughts are racing; 

 distractibility; 

 increase in goal-directed activity; and 

 excessive involvement in pleasurable activities with high potential for painful consequences. 

 

A hypomanic episode involves the experience of elevated, expansive, or irritable mood lasting for at least 

four days. During this period, at least three (or four if mood is only irritable) of the symptoms previously 

listed for a manic episode must also be experienced. 

 

A major depressive episode involves the experience of depressed mood almost all day, every day, for at 

least two weeks. A total of five of nine criteria must be met to make a diagnosis and at least one of the 

five criteria should either be:   

 さdepressed ﾏﾗﾗSざ for most of every day; or  

 さloss of interest in nearly all ;Iデｷ┗ｷデｷWゲざ for most of every day. 

The other seven criteria are:  

 change in eating, appetite, or weight;  

 excessive sleeping or insomnia;  

 agitated or slow motor activity;  

 fatigue;  

 feeling worthless or inappropriately guilty;  

 trouble concentrating; and  

 repeated thoughts about death. 

Different subtypes of bipolar disorder can be diagnosed depending on the combination of symptoms 

experienced. Bipolar I is characterised by at least one manic episode, which can also alternate with a 

major depressive episode. Bipolar II is characterised by hypomanic episodes alternating with major 

depressive episodes. Cyclothymia is characterised by subsyndromal hypomanic and major depressive 

episode episodes. Bipolar disorder not otherwise specified is characterised by clinically significant 

symptoms of bipolar disorder which do not meet criteria for the other diagnoses.1,2 In GBD 2017 we 

estimated burden for the entire spectrum of bipolar disorder simultaneously, rather than individually for 

each subtype of the disorder. At a minimum, epidemiological studies needed to report on bipolar I and 

bipolar II combined to be included in analyses. 

 

Input data 

 Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with bipolar disorder. In summary, the search was 

conducted in three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, 

Embase, and PubMed), the grey literature, and expert consultation. The agreed-upon approach for 

mental and substance use disorders was to conduct electronic database searches on a rolling basis. All 

デｴヴWW ゲデ;ｪWゲ ﾗa GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン ;ﾐS GBD ヲヰヱヶ. In GBD 2017, 

stages two and three of the literature review were conducted. Additionally, two targeted systematic 
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reviews were conducted to further supplement the bipolar disorder dataset. The first review captured 

studies reporting on the epidemiology of bipolar disorder within Maori versus non-Maori populations (as 

opposed to New Zealand more broadly), given the inclusion of these two sub-groups in GBD 2017. The 

second review searched for studies on the epidemiology of bipolar disorder in China using primarily the 

China National Knowledge Infrastructure database. The focus was to search for studies published in 

Chinese journals that would not typically be captured in mainstream databases such as PsycInfo, Embase, 

and PubMed. 

The inclusion criteria stipulated that: (1) the publication year must be from 1980 onward; (2) さcasenessざ 

must be based on clinical threshold as established by the DSM or ICD; (3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans, or refugee samples were excluded). No limitation was set on the 

language of publication. Methods used for this systematic review have been reported in greater detail 

elsewhere.3 As previously explained, burden was estimated for the entire spectrum of bipolar disorder 

simultaneously. Combined estimates of all subtypes of bipolar disorders were required. Studies reporting 

separate estimates for bipolar I, bipolar II, cyclothymia, and/or bipolar not otherwise specified were 

accepted if sufficient information was available to sum the disorder-specific estimates. At a minimum, 

studies needed to report on bipolar I and bipolar II. The table below summarises data inputs for bipolar 

disorder by parameter.  

 

Other Prevalence 

Site-years (total) 15 312 

Number of countries with data 8 28 

Number of GBD regions with data (out of 21 regions) 4 11 

Number of GBD super-regions with data (out of 7 super-

regions) 2 6 

 

Age- and sex-splitting 

Reported estimates of prevalence were split by age and sex where possible. First, if studies reported 

prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately) and by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-year-olds, 

then in 31- to 65-year-olds, for males and females combined), age-specific estimates were split by sex 

using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates across 

age groups spanning 20 years or more, these were split into five-year age groups using the prevalence 

age pattern estimated by DisMod-MR 2.1.  

MarketScan data 

We made use of United States (US) MarketScan data in our prevalence dataset. These were prevalence 

data for bipolar disorder derived from claims information in a database of private and public insurance 

schemes. Given the sparseness of the bipolar disorder prevalence dataset, this allowed us to incorporate 

detailed prevalence estimates by state, sex, and age in our modelling. Evaluation of the age-pattern of 

MarketScan data revealed that it was consistent to what can be observed in population-representative 

survey estimates; however, given that this data source only captures a subset of the population, the 
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actual levels of prevalence, and the sex difference in prevalence, were not comparable and had to be 

adjusted accordingly.  

We compared each year of MarketScan estimates against corresponding prevalence data from the 

National Comorbidity Survey Replication (NCS-R), a survey representative of the general US population. 

The resulting prevalence ratios were used to adjust all MarketScan estimates before they were entered 

into the bipolar disorder model. The NCS-R : MarketScan ratios are presented in the table below. 

MarketScan year Male  Female  

2000 3.4 (SE: 0.6) 2.6 (SE: 0.4) 

2010 2.2 (SE: 0.4) 1.5 (SE: 0.3) 

2011 2.1 (SE:  0.4) 1.5 (SE: 0.2) 

2012 2.1 (SE: 0.4) 1.5 (SE: 0.2) 

2014 2.1 (SE: 0.4) 1.4 (SE: 0.2) 

Note. SE: Standard error 

Severity splits inputs 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for bipolar 

disorder severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Manic Is hyperactive, hears and believes things that are not real, 

and engages in impulsive and aggressive behavior that 

endanger the person and others.  

 

0.492 (0.341に0.646) 

Depressive* Has constant sadness and has lost interest in usual 

activities. The person has some difficulty in daily life, 

sleeps badly, has trouble concentrating, and sometimes 

thinks about harming himself (or herself).  

0.396 (0.267に0.531) 

Residual Has mild mood swings, irritability, and some difficulty 

with daily activities.  

0.032 (0.018に0.051) 

Note.*Equivalent to the disability weight estimated for moderate major depressive disorder 

Information on the distribution of manic, depressive, and residual states of bipolar disorder was obtained 

from a separate systematic review of the literature.5 Meta-XL (a Microsoft Excel add-in for meta-analysis) 

was used to pool estimates across all studies to calculate the overall proportion of bipolar cases in each 

health state. Six studies provided information on the proportion of bipolar disorder cases in a manic (21%, 

12%に33%), depressive (23%, 10%に39%), or residual state (52%, 28%に77%).   

 

Modelling strategy 

The GBD 2017 epidemiological modelling strategy for bipolar disorder made use of DisMod-MR 2.1. Data 

across all epidemiological parameters were initially included in the modelling process. The two studies on 

incidence reported 0% and 0.1% incidence of bipolar disorder and were low relative to the prevalence 
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data. They were excluded from the final model where incidence was estimated using data from other 

parameters. We assumed no incidence and prevalence before age 10. Remission was set to a maximum 

of 0.05 in agreement with literature and expert advice suggesting no or very little complete remission 

from bipolar disorder.6,7 

 

Study-level covariates were used to accommodate for between-study variability in the raw prevalence 

data. A cv_point recall covariate adjusted all data points derived from point/past-month prevalence 

toward the level they would have been if the study had captured 12-month prevalence. We set 12-month 

prevalence as the desirable level due to the episodic nature of bipolar disorder. Estimates of point 

prevalence surveying symptoms experienced in the past 30 days or less may fail to diagnose cases of 

bipolar disorder in a residual state, thereby underestimating prevalence.  

The corresponding beta and exponentiated value (which can be interpreted as an odds ratio) is shown in 

the table below: 

Study covariate Parameter beta Exponentiated beta 

cv_point recall Prevalence -0.86 ( -1.17 to -0.61) 0.42 (0.31に0.54) 

 

Given that there was an overall paucity in epidemiological data available for bipolar disorder, and the data 

available were very heterogeneous given differences in the data-collection methodology used between 

studies, we applied a restriction on location random-effects of -0.3 to 0.3 to further guide the estimation 

of prevalence. 
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Case Definition 

Anxiety disorders are characterised by experiences of intense of fear and distress, typically in combination 

with other physiological symptoms. We aimed to capture all cases of anxiety disorders reaching 

diagnostic threshold defined by the Diagnostic and Statistical Manual of Mental Disorders (DSM) or the 

WHO International Classification of Diseases (ICD-10).1,2 Included disorders are listed below and can be 

identified by the DSM-IV-TR and ICD-10 coding systems as DSM IV TR: 299.8, 300.0-300.3, 309.21, 309.81 

and ICD-10: F40-42, F43.1, F93.0-93.2, F93.8. Excluded were anxiety disorders due to a general medical 

condition and substance-induced anxiety disorder. 

 

 panic disorder; 

 agoraphobia; 

 specific phobia; 

 social phobia; 

 obsessive-compulsive disorder; 

 post-traumatic stress disorder; 
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 acute stress disorder; 

 generalised anxiety disorder; 

 separation anxiety disorder; and 

 anxiety disorder not otherwise specified 

 

As specific anxiety disorders frequently co-occur, anxiety disorders were modelled as a single cause for 

さ;ﾐ┞ざ anxiety disorder in GBD 2017 to avoid the double-counting of individuals meeting criteria for more 

than one anxiety disorder. Epidemiological estimates reporting an outcome for さ;ﾐ┞ざ or さデﾗデ;ﾉざ anxiety 

disorders were included in analyses. 
 

Input data 

 Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with anxiety disorders. In summary, the search was 

conducted in three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, 

Embase, and PubMed), the grey literature, and expert consultation. The agreed-upon approach for 

mental and substance use disorders was to conduct electronic database searches on a rolling basis. All 

デｴヴWW ゲデ;ｪWゲ ﾗa GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン ;ﾐS GBD ヲヰヱヶ. In GBD 2017, 

stages two and three of the literature review were conducted. Additionally, two targeted systematic 

reviews were conducted to further supplement the anxiety disorders dataset. The first review captured 

studies reporting on the epidemiology of anxiety disorders within Maori versus non-Maori populations (as 

opposed to New Zealand more broadly), given the inclusion of these two sub-groups in GBD 2017. The 

second review searched for studies on the epidemiology of anxiety disorders in China using primarily the 

China National Knowledge Infrastructure database. The focus was to search for studies published in 

Chinese journals that would not typically be captured in mainstream databases such as PsycInfo, Embase, 

and PubMed. 

The inclusion criteria stipulated that: (1) the publication year must be from 1980 onward; (2) さI;ゲWﾐWゲゲざ 
must be based on clinical threshold as established by the DSM or ICD; (3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans, or refugee samples were excluded). No limitation was set on the 

language of publication. Methods used for this systematic review have been reported in greater detail 

elsewhere.3-5 The table below summarises data inputs for anxiety disorders by parameter.  

 

Prevalence Remission 

Site-years (total) 168 3 

Number of countries with data 45 3 

Number of GBD regions with data (out of 21 regions) 18 2 

Number of GBD super-regions with data (out of 7 super-

regions) 7 1 
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Age- and sex-splitting 

Reported estimates of prevalence were split by age and sex where possible. First, if studies reported 

prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined), age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

prevalence age pattern estimated by DisMod-MR 2.1.  

 

 Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for anxiety 

disorder severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Mild Feels mildly anxious and worried, which makes it slightly 

difficult to concentrate, remember things, and sleep. The 

person tires easily but is able to perform daily activities.  

0.03 (0.018に0.046) 

Moderate Feels anxious and worried, which makes it difficult to 

concentrate, remember things, and sleep. The person 

tires easily and finds it difficult to perform daily activities.  

0.133 (0.091に0.186) 

Severe Constantly feels very anxious and worried, which makes it 

difficult to concentrate, remember things, and sleep. The 

person has lost pleasure in life and thinks about suicide.  

0.523 (0.362に0.677) 

 

To determine the proportion of people with anxiety disorders within each of the severity levels, the US 

National Epidemiological Survey on Alcohol and Related Conditions (NESARC, conducted in two waves 

from 2001 to 2002 and 2004 to 2005)7, and the  Australian National Survey of Mental Health and 

Wellbeing of Adults (NSMHWB, conducted in 1997)8 were used to estimate the proportion of anxiety 

disorder cases asymptomatic (28.8%, 27.5%に30.1%), mild (39.3%, 34.2%に44.2%), moderate (19.1%, 

15.8%に22.7%) and severe (12.7%, 9.2%に16.7%). 

 

Modelling strategy 

The GBD 2017 epidemiological modelling strategy for anxiety disorders made use of DisMod-MR 2.1. Data 

across all epidemiological parameters were initially included in the modelling process. The incidence 

studies reported estimates which were very low relative to the prevalence data. As prevalence studies 

contributed much greater world coverage than incidence studies, we excluded the incidence data, relying 

instead on data from the other parameters. We assumed no incidence and prevalence before age 2 and 

after age 95. This minimum age of onset was corroborated with expert feedback and existing literature on 

anxiety disorders. Remission was set to a maximum of 0.2, consistent with the data points available.  
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Study-level covariates were used to accommodate for between-study variability in the raw prevalence 

data. A cv_past year recall covariate adjusted all data points derived from past year prevalence toward 

the level they would have been if the study had captured point/past-month prevalence. The latter 

prevalence period is less affected by recall bias. A cv_school survey covariate adjusted estimates derived 

from school surveys downward to the level they would have been had the study conducted a fully 

representative population survey. A country-level covariate identifying for each GBD location the mean 

mortality rate in the previous ten years due to war and terrorism was also included in the anxiety 

disorders model. This informed the estimation of prevalence given existing evidence to show a positive 

association between conflict status and the prevalence for anxiety disorders.9,10 Betas and exponentiated 

values (which can be interpreted as an odds ratio) for each study-level covariate are shown in the table 

below: 

Study/country covariate Parameter beta Exponentiated beta 

cv_past year recall Prevalence 0.39 (0.34に0.45) 1.48 (1.41に1.56) 

cv_school survey Prevalence 0.43 (0.31に0.56) 1.54 (1.36に1.75) 

Mean war mortality rate in the 

previous 10 years  

Prevalence 
0.50 (0.027に0.97) 1.65 (1.03に2.65) 
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Case definition 

According to the Diagnostic and Statistical Manual of Mental Disorders fourth edition, text revision (DSM-

IV-TR),1 anorexia nervosa (AN) is an eating disorder characterised by: 

a) Refusal to maintain body weight at or above a minimally normal weight for age and height (eg, 

weight loss leading to maintenance of body weight less than 85% of that expected; or failure to 

make expected weight gain during period of growth, leading to body weight less than 85% of that 

expected).  

b) Intense fear of gaining weight or becoming fat, even though underweight (expanded to include 

any behaviour that interferes with weight gain in DSM-52). 

c) Disturbance in the way in which ﾗﾐWげゲ body weight or shape is experienced, undue influence of 

body weight or shape on self-evaluation, or denial of the seriousness of the current low body 

weight.  

d) In postmenarcheal females, amenorrhoea, ie, the absence of at least three consecutive 

menstrual cycles (this criterion was removed in DSM-52). 

Included in GBD were cases meeting diagnostic criteria according to DSM1 or the International 

Classification of Diseases (ICD).3 These were identified by the following codes: 307.1 (DSM-IV-TR) and 

F50.0-50.1 (ICD-10). Different versions of DSM (DSM-III, DSM-III-R, DSM-IV, DSM-IV-TR, and DSM-5) and 

ICD (ICD-9 and ICD-10) were accepted. 
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Input data 

Model inputs 

A series of systematic literature reviews were conducted to capture studies reporting the prevalence, 

incidence, remission, and excess mortality of AN. The reviews incorporated searches of peer-reviewed 

literature via electronic databases, investigations of grey literature, and consultation with experts. In 

order for a study to be included, it must have been published during or after 1980, use DSM or ICD 

criteria to define cases, provide sufficient details on study methodology and sample characteristics to 

determine study quality, and be representative of the general population rather than a special 

population, eg, prison inmates. No limitation was set on the language of publication. Detailed descriptions 

of this methodology have been published elsewhere.4 This methodology was utilised in GBD 2010, GBD 

2013, GBD 2015, and GBD 2017. GBD 2016 included additional sources identified by GBD experts and 

microdata where available. Additionally, in GBD 2017, two targeted systematic reviews were conducted 

to further supplement the AN dataset. The first review captured studies reporting on the epidemiology of 

AN within Maori versus non-Maori populations (as opposed to New Zealand more broadly), given the 

inclusion of these two sub-groups in GBD 2017. The second review utilised the China National Knowledge 

Infrastructure database to find studies that would not typically be captured in PubMed, Embase, and 

PsycINFO. 

 Data counts 

 

Incidence Other Prevalence Remission 

Site-years (total) 7 20 48 21 

Number of countries with data 6 9 23 11 

Number of GBD regions with data (out of 21 regions) 2 4 10 4 

Number of GBD super-regions with data (out of 7 

super-regions) 1 3 5 2 

 

Disability weight 

No severity splits were applied to AN. The lay description and disability weight for AN are shown in the 

table below. 

Lay description DW (95% CI) 

Feels an overwhelming need to starve and exercises 

excessively to lose weight. The person is very thin, weak, 

and anxious. 

0.224 (0.150に0.312) 

 

Modelling strategy  

We assumed no incidence prior to age 5 or from 50 years onward. These settings are in line with those 

placed on the corresponding cause of death model for anorexia nervosa. A cap of 0.6 was placed on 

remission in order to obtain a more plausible fit of the model. We used the function in DisMod-MR 2.1 to 
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pull in cause-specific mortality rate (CSMR) data from our CODEm and CoDCorrect analyses. As such, 

other mortality data (standardised mortality ratios and relative risks) were excluded. We also used these 

CSMR data to estimate priors on excess mortality rates (EMR) by matching them with prevalence data 

points for the same geography and study year and dividing CSMR by prevalence. A country-level 

covariate, lagged distributed income (LDI), was included. This covariate represents a moving average of 

gross domestic product (GDP) over time. The limits placed on this covariate meant that prevalence was 

assumed to increase with rising GDP. LDI was also applied to excess mortality data in order to better 

inform regional distribution. The table below illustrates the covariates, parameters, beta and 

exponentiated beta values for AN. 

Covariate Parameter beta Exponentiated beta 

LDI ($ per capita) Prevalence 0.42 (0.23に0.50) 1.52 (1.26に1.64) 

LDI ($ per capita) Excess mortality -0.26 (-0.48 to -0.11) 0.77 (0.62に0.90) 
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Bulimia nervosa 
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Case definition 

According to the Diagnostic and Statistical Manual of Mental Disorders fourth edition, text revision (DSM-

IV-TR),1 bulimia nervosa (BN) is an eating disorder characterised by: 

a) Recurrent episodes of binge eating. An episode of binge eating is characterised by both of the 

following:  

1) eating, in a discrete period of time (eg, within any two-hour period), an amount of food 

that is definitely larger than most people would eat during a similar period of time and 

under similar circumstances 

2) a sense of lack of control over eating during the episode (eg, a feeling that one cannot 

stop eating or control what or how much one is eating)  

b) Recurrent inappropriate compensatory behavior in order to prevent weight gain, such as self-

induced vomiting; misuse of laxatives, diuretics, enemas, or other medications; fasting; or 

excessive exercise.  

c) The binge eating and inappropriate compensatory behaviors both occur, on average, at least 

twice a week for three months (changed to once a week for three months in DSM-52). 

d) Self-evaluation is unduly influenced by body shape and weight.  

e) The disturbance does not occur exclusively during episodes of anorexia nervosa. 

Included in GBD were cases meeting diagnostic criteria according to DSM1 or the International 

Classification of Diseases (ICD).3 These were identified by the following codes: 307.51 (DSM-IV-TR) and 

F50.2 (ICD-10). Different versions of DSM (DSM-III, DSM-III-R, DSM-IV, DSM-IV-TR, and DSM-5) and ICD 

(ICD-9 and ICD-10) were accepted. 
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Input data 

Model inputs 

A series of systematic literature reviews were conducted to capture studies reporting the prevalence, 

incidence, remission, and excess mortality of BN. The reviews incorporated searches of peer-reviewed 

literature via electronic databases, investigations of grey literature, and consultation with experts. In 

order for a study to be included, it must have been published during or after 1980, use DSM or ICD 

criteria to define cases, provide sufficient details on study methodology and sample characteristics to 

determine study quality, and be representative of the general population rather than a special 

population, eg, prison inmates. No limitation was set on the language of publication. Detailed descriptions 

of this methodology have been published elsewhere.4 This methodology was utilised in GBD 2010, GBD 

2013, GBD 2015, and GBD 2017. GBD 2016 included additional sources identified by GBD experts and 

microdata where available. Additionally, in GBD 2017, two targeted systematic reviews were conducted 

to further supplement the BN dataset. The first review captured studies reporting on the epidemiology of 

BN within Maori versus non-Maori populations (as opposed to New Zealand more broadly), given the 

inclusion of these two sub-groups in GBD 2017. The second review utilised the China National Knowledge 

Infrastructure database to find studies that would not typically be captured in PubMed, Embase, and 

PsycINFO. 

Data counts 

 

Incidence Other Prevalence Remission 

Site-years (total) 5 12 58 14 

Number of countries with data 4 7 27 7 

Number of GBD regions with data (out of 21 regions) 1 3 10 3 

Number of GBD super-regions with data (out of 7 

super-regions) 1 2 5 1 

Disability weight 

No severity splits were applied to BN. The lay description and disability weight for BN is shown in the 

table below. 

Lay description DW (95% CI) 

Has uncontrolled overeating followed by guilt, starving, 

and vomiting to lose weight. 

0.223 (0.149に0.311) 

 

Modelling strategy  

We assumed no incidence prior to 10 years of age or onward from 40 years of age. We used the function 

in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our CODEm and CODcorrect 

analyses. As such, other mortality data (standardised mortality ratios and relative risks) were excluded. 

We also used CSMR data to estimate priors on excess mortality rates (EMR) by matching them with 

prevalence data points for the same geography and study year and dividing CSMR by prevalence. A study-
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level covariate was applied which adjusted estimates based on ICD criteria toward those based on DSM 

criteria. A country-level covariate, lagged distributed income (LDI), was also included. This covariate 

represents a moving average of gross domestic product (GDP) over time. The limits placed on this 

covariate meant that prevalence was assumed to increase with rising GDP. LDI was also applied to excess 

mortality data in order to better inform regional distribution. The table below illustrates the covariates, 

parameters, beta and exponentiated beta values for BN. 

Covariate Parameter beta Exponentiated beta 

ICD classification Prevalence -0.17 (-0.67に0.39) 0.84 (0.51に1.48) 

LDI Prevalence 0.39 (0.15に0.50) 1.48 (1.16に1.64) 

LDI Excess mortality -0.3 (-0.49 to -0.11) 0.74 (0.61に0.90) 
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Autism spectrum disorders 
 

Flowchart 

Case definition 

Autism spectrum disorder (ASD; also known as pervasive developmental disorder) is a 

neurodevelopmental disorder with onset occurring in early childhood. It is characterised by pervasive 

impairment in several areas of development, including social interaction and communication skills, along 

with restricted and repetitive patterns of behaviours and/or interests. 

ASD was an umbrella for five sub-disorders according to the Diagnostic and Statistical Manual of Mental 

Disorders fourth edition, text revision2 (DSM-IV-TR): Autistic disorder (299.00), Pervasive Developmental 

DｷゲﾗヴSWヴが Nﾗデ OデｴWヴ┘ｷゲW “ヮWIｷaｷWS ふヲΓΓくΒヰぶが ‘Wデデげゲ SｷゲﾗヴSWヴ ふヲΓΓくΒぶが ;ﾐS CｴｷﾉSｴﾗﾗS Dｷゲintegrative Disorder 

(299.10). ASD is still an umbrella for eight sub-disorders according to the International Statistical 

Classification of Diseases and Related Health Problems 10th Revision1 (ICD10): Childhood autism (F84.0), 

Atypical autism (F84.1), Rett syndrome (F84.2), Other childhood disintegrative disorder (F84.3), 

Overactive disorder associated with mental retardation and stereotyped movements (F84.4), Asperger 

syndrome (F84.5), Other pervasive developmental disorders (F84.8), and Pervasive disorder unspecified 

(F84.9). However, it has been amalgamated into a single disorder in the Diagnostic and Statistical Manual 

for Mental Disorders 5th edition3 (DSM-5). A diagnosis of ASD according to the DSM-53 requires the 

following criteria to be met: 

Persistent deficits in social communication and social interaction across multiple contexts, as manifested 

by all of the following, currently or by history: 

1. Deficits in social-emotional reciprocity, ranging, for example, from abnormal social approach 

and failure of normal back-and-forth conversation; to reduced sharing of interests, emotions, 

or affect; to failure to initiate or respond to social interactions. 

2. Deficits in nonverbal communicative behaviors used for social interaction, ranging, for 

example, from poorly integrated verbal and nonverbal communication; to abnormalities in eye 
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contact and body language or deficits in understanding and use of gestures; to a total lack of 

facial expressions and nonverbal communication. 

3. Deficits in developing, maintaining, and understanding relationships, ranging, for example, 

from difficulties adjusting behavior to suit various social contexts; to difficulties in sharing 

imaginative play or in making friends; to absence of interest in peers. 

 

Restricted, repetitive patterns of behaviour, interests, or activities, as manifested by at least two of the 

following, currently or by history: 

1. Stereotyped or repetitive motor movements, use of objects, or speech (eg, simple motor 

stereotypies, lining up toys or flipping objects, echolalia, idiosyncratic phrases). 

2. Insistence on sameness, inflexible adherence to routines, or ritualised patterns of verbal or 

nonverbal behavior (eg, extreme distress at small changes, difficulties with transitions, rigid 

thinking patterns, greeting rituals, need to take same route or eat same food every day). 

3. Highly restricted, fixated interests that are abnormal in intensity or focus (eg, strong 

attachment to or preoccupation with unusual objects, excessively circumscribed or 

perseverative interests). 

4. Hyper- or hyporeactivity to sensory input or unusual interest in sensory aspects of the 

environment (eg, apparent indifference to pain/temperature, adverse response to specific 

sounds or textures, excessive smelling or touching of objects, visual fascination with lights or 

movement). 

 

The symptoms must be present in the early developmental period, cause clinically significant impairment, 

and not be better explained by intellectual impairment or global developmental delay. 

Input da  

 Model inputs 

A systematic literature review was conducted to capture studies reporting the prevalence, incidence, 

remission, and excess mortality of ASD. The reviews incorporated searches of peer-reviewed literature via 

electronic databases, investigations of grey literature, and consultation with experts. In order for a study 

to be included, it must have been published during or after 1980, provide sufficient details on study 

methodology and sample characteristics to determine study quality, and be representative of the general 

population rather than a special population (eg, prison inmates). Cases must have been based on DSM, 

ICD, Chinese Classification of Mental Disorders (CCMD), or diagnosed by a clinician using established 

tools. No limitation was set on the language of publication. Due to insufficient data on ASD, estimates of 

the prevalence of the DSM-IV-TR sub-disorder Autistic disorder (299.00), ICD-10 Childhood autism 

(F84.0), and their DSM-III, DSM-II-R, DSM-IV, ICD9, and CCMD equivalents were also included with an 

adjustment so that they reflected what these estimates would be if the data represented ASD.   

Prevalence estimates were split by age and sex where possible outside of DisMod-MR 2.1. First, if studies 

reported prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Studies that only reported the prevalence 

of autism rather than ASD were included but adjusted up by a factor of 2.31 (se = 0.20) based on 18 
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studies that used gold-standard sampling methodology and reported prevalence for both ASD and 

autism. The table below summarises data inputs for ASD by parameter.  

 

Other Prevalence Remission 

Site-years (total) 3 320 3 

Number of countries with data 2 33 3 

Number of GBD regions with data (out of 21 regions) 1 13 2 

Number of GBD super-regions with data (out of 7 super-

regions) 1 7 2 

 

 Severity split inputs 

ASD is one of the causes that contribute to the intellectual disability (ID) envelope. As such, a gradation of 

ASD by level of severity was needed.  

Meta-analyses were conducted using data from 19 studies that used gold-standard sampling 

methodology and reported information on the IQ level in those with ASD in order to calculate the severity 

splits by six sequelae: ASD with 1) no ID, 2) borderline ID, 3) mild ID, 4) moderate ID, 5) severe ID, and 6) 

profound ID.  

The disability weights for each sequela of ASD were calculated using the disability weights for the health 

ゲデ;デWゲ A┌デｷゲﾏが AゲヮWヴｪWヴげゲ ゲ┞ﾐSヴﾗﾏW わ ﾗデｴWヴ ;┌デｷゲﾏ ゲヮWIデヴ┌ﾏ SｷゲﾗヴSWヴゲが HﾗヴSWヴﾉｷﾐW IDが ﾏｷﾉS IDが ﾏﾗSWヴ;デW 
ID, severe ID, and profound ID. These disability weights and their lay descriptions are presented in the 

table below. 

Health state Lay description DW (95% CI) 

Autism Has severe problems interacting with others and 

difficulty understanding simple questions or directions. 

The person has great difficulty with basic daily activities 

and becomes distressed by any change in routine. 

0.262 (0.176に0.365) 

AゲヮWヴｪWヴげゲ 
syndrome & other 

autism spectrum 

disorders 

Has difficulty interacting with other people and is slow to 

understand or respond to questions. The person is often 

preoccupied with one thing and has some difficulty with 

basic daily activities. 

0.104 (0.071に0.147) 

ID, borderline Is slow in learning at school. As an adult, the person has 

some difficulty doing complex or unfamiliar tasks but 

otherwise functions independently. 

0.011 (0.005に0.020) 

ID, mild Has low intelligence and is slow in learning at school. As 

an adult, the person can live independently, but often 

needs help to raise children and can only work at simple 

supervised jobs. 

0.043 (0.026に0.064) 

ID, moderate Has low intelligence, and is slow in learning to speak and 

to do even simple tasks. As an adult, the person requires 

a lot of support to live independently and raise children. 

The person can only work at the simplest supervised jobs. 

0.100 (0.066に0.142) 
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ID, severe Has very low intelligence and cannot speak more than a 

few words, needs constant supervision and help with 

most daily activities, and can do only the simplest tasks. 

0.160 (0.107に0.226) 

ID, profound Has very low intelligence, has almost no language, and 

does not understand even the most basic requests or 

instructions. The person requires constant supervision 

and help for all activities. 

0.200 (0.133に0.283) 

 

To estimate the disability weights for each sequela of ASD, the following steps were conducted, each step 

pulling 1,000 draws of each input: 

1. A pooled disability weight for ASD was estimated: 経激凋聴帖 噺 経激凋通痛沈鎚陳 抜 畦 髪 経激凋鎚椎勅追直勅追 抜 岫な 伐 畦岻 

Where DW is disability weight and A is the inverse of the autism-to-ASD adjustment described 

earlier (A = 0.43, se = 0.04). 

2. The disability weight for ASD without ID was estimated: 経激凋聴帖 津墜 彫帖 噺 経激凋聴帖 伐 デ 岫鶏賃 抜 経激賃岻牒追墜捗┻彫帖賃退喋墜追鳥┻彫帖鶏凋聴帖 津墜 彫帖 髪 デ 岫鶏賃 抜 岫な 伐 経激賃岻岻牒追墜捗┻彫帖賃退喋墜追鳥┻彫帖   
Where DW is disability weight and P is the severity proportion estimated from the meta-analysis. 

3. The disability weight for ASD and each remaining level of ID was estimated: 経激凋聴帖袋彫帖 噺 な 伐 岫な 伐 経激凋聴帖 津墜 彫帖岻 抜 岫な 伐 経激彫帖岻 

The severity proportions from the meta-analysis used in the above process and the resulting disability 

weights for each sequela are presented in the table below. 

Sequela Severity proportion (95% UI) DW (95% U  

ASD without ID 0.428 (0.369に0.491) 0.143 (0.094に0.202) 

ASD with borderline ID 0.187 (0.144に0.236) 0.152 (0.103に0.212) 

ASD with mild ID 0.180 (0.134に0.231) 0.179 (0.125に0.245) 

ASD with moderate ID 0.133 (0.094に0.177) 0.228 (0.160に0.310) 

ASD with severe ID 0.057 (0.034に0.091) 0.279 (0.195に0.378) 

ASD with profound ID 0.014 (0.006に0.025) 0.313 (0.215に0.422) 

 

Modelling strategy  

We assumed all incidence of ASD occurred at birth. A small setting was placed on excess mortality to help 

DisMod follow the mortality estimates. Remission was set to 0 after expert consultation revealed we 

would not expect remission for ASD. Three study-level covariates were applied to adjust estimates with 

suboptimal sampling methodologies:  

1. Survey: Studies that conduct household or school surveys but do not conduct additional active 

case-finding (such as reviewing special education records) to find cases likely to be missed by 

survey methodology. 
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2. Registry data: Studies where prevalence of ASD is estimated from diagnoses within a clinical or 

educational registry where no population screening procedure is in place.  

3. Surveillance/notification data: Studies where researchers review notes of high-risk populations 

from one or more data sources records (eg, clinical/education records) and determine prevalence 

based on notes without confirming the diagnosis via clinical evaluation.  

Our systematic review revealed four studies that used gold-standard sampling methodology to estimate 

prevalence and also reported the proportion of their cases of ASD that were captured by registries. The 

pooled proportion was 0.71 (se = 0.05), and this was set as the prior for the study-level covariate for 

registry data.    

Study covariate Parameter beta Exponentiated beta 

Survey Prevalence -0.14 (-0.36に0.11) 0.87 (0.70に1.11) 

Registry data Prevalence -0.34 (-0.34 to -0.34) 0.71 (0.71に0.71) 

Surveillance / notification data Prevalence 0.39 (0.21に0.58) 1.48 (1.23に1.78) 
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Case definition 

Attention-deficit/hyperactivity disorder (ADHD) is an externalising behaviour disorder characterised by 

persistent inattention and/or hyperactivity-impulsivity. As per criteria set by the Diagnostic and Statistical 

Manual of Mental Disorders fourth edition, text revision (DSM-IV-TR)1, diagnosis requires six or more 

symptoms of inattention or hyperactivity-impulsivity to have persisted for at least six months in two or 

more settings causing significant impairment to functioning, with at least some impairing symptoms being 

present prior to 7 years of age (12 years of age in DSM-52). Recognised symptoms include: 

Inattention: 

 often fails to give close attention to details or makes careless mistakes in schoolwork, work, or 

other activities  

 often has difficulty sustaining attention in tasks or play activities  

 often does not seem to listen when spoken to directly  

 often does not follow through on instructions and fails to finish schoolwork, chores, or duties in 

the workplace (not due to oppositional behavior or failure to understand instructions)  

 often has difficulty organising tasks and activities  

 often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental effort (such 

as schoolwork or homework)  

 often loses things necessary for tasks or activities (eg, toys, school assignments, pencils, books, or 

tools)  

 is often easily distracted by extraneous stimuli  

 is often forgetful in daily activities 

Hyperactivity 

 often fidgets with hands or feet or squirms in seat 

520



 often leaves seat in classroom or in other situations in which remaining seated is expected  

 often runs about or climbs excessively in situations in which it is inappropriate (in adolescents or 

adults, may be limited to subjective feelings of restlessness)  

 often has difficulty playing or engaging in leisure activities quietly  

 is often さon the goざ or often acts as if さdriven by a motorざ 

 often talks excessively 

Impulsivity 

 often blurts out answers before questions have been completed 

 often has difficulty awaiting turn 

 often interrupts or intrudes on others (eg, butts into conversations or games) 
 

Included in GBD were cases meeting diagnostic criteria according to DSM1 or the International 

Classification of Diseases (ICD)3 (called さhyperkinetic disorderざ in ICD). These were identified by the 

following codes: 314.0, 314.01 (DSM-IV-TR) and F90 (ICD-10). Different versions of DSM (DSM-III, DSM-III-

R, DSM-IV, DSM-IV-TR, and DSM-5) and ICD (ICD-9 and ICD-10) were accepted.  

Input data 
Model inputs 

A series of systematic literature reviews were conducted to capture studies reporting the prevalence, 

incidence, remission, and excess mortality of ADHD. The reviews incorporated searches of peer-reviewed 

literature via electronic databases (PubMed, Embase, and PsycINFO), investigations of grey literature, and 

consultation with experts. In order for a study to be included, it must have been published during or after 

1980, use DSM or ICD criteria to define cases, provide sufficient details on study methodology and sample 

characteristics to determine study quality, and be representative of the general population rather than a 

special population, eg, prison inmates. No limitation was set on the language of publication. Detailed 

descriptions of this methodology have been published elsewhere.4 This methodology was utilised in GBD 

2010, GBD 2013, and GBD 2016. GBD 2015 and GBD 2017 included additional sources identified by GBD 

experts and microdata where available. Additionally, in GBD 2017, two targeted systematic reviews were 

conducted to further supplement the ADHD dataset. The first review captured studies reporting on the 

epidemiology of ADHD within Maori versus non-Maori populations (as opposed to New Zealand more 

broadly), given the inclusion of these two sub-groups in GBD 2017. The second review utilised the China 

National Knowledge Infrastructure database to find studies that would not typically be captured in 

PubMed, Embase, and PsycINFO. 

Reported estimates of prevalence were split by age and sex where possible. If studies reported 

prevalence for broad age groups by sex (eg, prevalence in 5-18 year old males and females separately) 

and by specific age groups but for both sexes combined (eg, prevalence for 5-12 year olds and 13-18 year 

olds, for males and females combined), age-specific estimates were split by sex using the reported sex 

ratio and bounds of uncertainty. Also, where studies reported estimates across age groups spanning 20 

years or more, these were split into five-year age groups using the prevalence age pattern estimated by 

DisMod-MR 2.1. 
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Data counts 

 

Incidence Other Prevalence Remission 

Site-years (total) 2 2 129 13 

Number of countries with data 1 2 37 6 

Number of GBD regions with data (out of 21 regions) 1 2 13 3 

Number of GBD super-regions with data (out of 7 

super-regions) 1 1 6 2 

Severity splits and disability weight 

A severity split for the proportion of time spent symptomatic versus asymptomatic was based on data 

from the Great Smoky Mountains Study which assessed the levels of disability found in children and 

adolescents with mental disorders.5 Of those with ADHD, 48% reported disability while 20% of individuals 

with no diagnosis reported disability at the time of survey. Using these as estimates of the proportion of 

time with disability in the さaverage case,ざ the proportion of disability in children without a diagnosis was 

subtracted from the proportion with disability for ADHD, giving an adjusted proportion of 28%. Detailed 

descriptions of this methodology have been published elsewhere.6 The lay description and disability 

weight for ADHD is shown in the table below. 

Lay description DW (95% CI) 

Is hyperactive and has difficulty concentrating, 

remembering things, and completing tasks 

0.045 (0.028に0.066) 

 

Modelling strategy  

We assumed no incidence prior to 3 years of age or onward from 12 years of age. The minimum age of 

onset was set in consultation with experts and based on current literature, while the upper age limit on 

incidence was set in line with the latest DSM-5 criteria. Remission was set to zero prior to 12 years, in line 

with the restriction on incidence. Excess mortality was set to zero given only three estimates were found 

for this parameter. Three covariates were included in the model. The first covariate was an informant 

covariate which adjusted estimates not requiring agreement between informants (eg, diagnosis made if 

either a teacher or parent indicates ADHD) toward estimates which required informant agreement. The 

second covariate adjusted estimates not requiring impairment (or those not specifying whether 

impairment was required) for diagnosis toward those which required impairment. The third covariate 

adjusted studies using small, community samples toward studies representative of entire regions or 

countries. Bounds for these covariates were calculated from the epidemiological data and applied in 

DisMod-MR 2.1. 

Study covariate Parameter beta Exponentiated beta 

No informant 

agreement 

Prevalence 0.49 (0.45に0.57) 1.63 (1.57に1.78) 

No impairment Prevalence 0.039 (0.0034に0.13) 1.04 (1.00に1.13) 

Small, community-level 

studies 

Prevalence 0.52 (0.33に0.74) 1.68 (1.38に2.09) 
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Case definition 

Conduct disorder (CD) is an externalising behaviour disorder characterised by a pattern of antisocial 

behavior that violates the basic rights of others or major age-appropriate societal norms. As per criteria 

set by the Diagnostic and Statistical Manual of Mental Disorders fourth edition, text revision (DSM-IV-

TR),1 diagnosis requires three or more of the following symptoms to be present in the past 12 months 

(with at least one present in the last six months) and cause significant impairment in functioning. 

Symptoms include: 

Aggression to people and animals  

 often bullies, threatens, or intimidates others  

 often initiates physical fights  

 has used a weapon that can cause serious physical harm to others (eg, a bat, brick, broken bottle, 

knife, gun)  

 has been physically cruel to people  

 has been physically cruel to animals  

 has stolen while confronting a victim (eg, mugging, purse snatching, extortion, armed robbery)  

 has forced someone into sexual activity  

Destruction of property  

 has deliberately engaged in fire setting with the intention of causing serious damage  

 has deliberately destroyed othersげ property (other than by fire setting) 

Deceitfulness or theft  

 has broken into someone elseげs house, building, or car  
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 often lies to obtain goods or favors or to avoid obligations (ie, さconsざ others)  

 has stolen items of nontrivial value without confronting a victim (eg, shoplifting, but without 

breaking and entering; forgery)  

Serious violations of rules  

 often stays out at night despite parental prohibitions, beginning before age 13 years  

 has run away from home overnight at least twice while living in parental or parental surrogate 

home (or once without returning for a lengthy period)  

 is often truant from school, beginning before age 13 years 

 

CD is considered a disorder of childhood but can be diagnosed in adults who display such behaviors yet 

do not meet the criteria for antisocial personality disorder. However, there are almost no studies 

measuring adult CD as existing studies in this area tend to measure adult antisocial behavior rather than 

adult CD.2 As such, only childhood CD (ie, cases prior to 18 years of age) was modelled in GBD. 

Included in GBD were cases meeting diagnostic criteria according to DSM1 or the International 

Classification of Diseases (ICD).3 These were identified by the following codes: 312 (DSM-IV-TR) and F91 

(ICD-10). Different versions of DSM (DSM-III, DSM-III-R, DSM-IV, DSM-IV-TR, and DSM-5) and ICD (ICD-9 

and ICD-10) were accepted. Estimates also including oppositional defiant disorder (ODD; DSM-IV-TR: 

313.81, ICD-10: F91.3) or disruptive behavior disorder not otherwise specified (DDNOS, DSM-IV-TR: 312.9, 

ICD-10: 91.9) were accepted and adjusted with a covariate during the modelling process. 

Input data 
Model inputs 

A series of systematic literature reviews were conducted to capture studies reporting the prevalence, 

incidence, remission, and excess mortality of CD. The reviews incorporated searches of peer-reviewed 

literature via electronic databases, investigations of grey literature, and consultation with experts. In 

order for a study to be included, it must have been published during or after 1980, use DSM or ICD 

criteria to define cases, provide sufficient details on study methodology and sample characteristics to 

determine study quality, and be representative of the general population rather than a special 

population, eg, prison inmates. No limitation was set on the language of publication. Detailed descriptions 

of this methodology have been published elsewhere.2 This methodology was utilised in GBD 2010, GBD 

2013, and GBD 2016. GBD 2015 and GBD 2017 included additional sources identified by GBD experts and 

microdata where available. Additionally, in GBD 2017, two targeted systematic reviews were conducted 

to further supplement the CD dataset. The first review captured studies reporting on the epidemiology of 

CD within Maori versus non-Maori populations (as opposed to New Zealand more broadly), given the 

inclusion of these two sub-groups in GBD 2017. The second review utilised the China National Knowledge 

Infrastructure database to find studies that would not typically be captured in PubMed, Embase, and 

PsycINFO. 

Reported estimates of prevalence were split by age and sex where possible. If studies reported 

prevalence for broad age groups by sex (eg, prevalence in 5-18 year old males and females separately) 

and by specific age groups but for both sexes combined (eg, prevalence for 5-12 year olds and 13-18 year 

olds, for males and females combined), age-specific estimates were split by sex using the reported sex 

ratio and bounds of uncertainty. 
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 Data counts 

 

Incidence Prevalence Remission 

Site-years (total) 6 63 6 

Number of countries with data 3 27 3 

Number of GBD regions with data (out of 21 regions) 2 14 2 

Number of GBD super-regions with data (out of 7 super-regions) 1 6 1 

 

Severity splits and disability weight 

A severity split for the proportion of time spent symptomatic versus asymptomatic was based on data 

from the Great Smoky Mountains Study which assessed the levels of disability found in children and 

adolescents with mental disorders.4 Of those with CD, 72% reported disability while 20% of individuals 

with no diagnosis reported disability at the time of survey. Using these as estimates of the proportion of 

time with disability in the さaverage case,ざ the proportion of disability in children without a diagnosis was 

subtracted from the proportion with disability for CD, giving an adjusted proportion of 52%. Detailed 

descriptions of this methodology have been published elsewhere.5 The lay description and disability 

weight for CD is shown in the table below. 

Lay description DW (95% CI) 

Has frequent behaviour problems, which are sometimes 

violent. The person often has difficulty interacting with 

other people and feels irritable 

0.241 (0.159に0.341) 

 

Modelling strategy  

We assumed no incidence or prevalence prior to 5 years of age or after 18 years of age. The minimum 

age of onset was set in consultation with experts while the upper age limit was set in line with DSM 

criteria. Excess mortality was set to zero given the absence of data demonstrating an association between 

CD and an increased risk of death. Remission and incidence were capped between ages 4 and 17 years in 

order to gain more plausible output. A covariate was used to adjust any prevalence estimates which also 

included cases of oppositional defiant disorder and/or disruptive behaviour disorder not otherwise 

specified toward those including CD only. 

 

Covariate Parameter beta Exponentiated beta 

Identifies estimates 

also containing ODD 

&/or DDNOS cases 

Prevalence 0.63 (0.39 ね 0.84) 1.88 (1.48 ね 2.32) 

 

  

526



References 

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-

TR). 4th, Text Revision ed. Washington DC: American Psychiatric Association; 2000. 

2. Erskine HE, Ferrari AJ, Nelson P, et al. Research Review: Epidemiological modelling of attention-

deficit/hyperactivity disorder and conduct disorder for the Global Burden of Disease Study 2010. Journal 

of Child Psychology and Psychiatry 2013; (12): 1263-74. 

3. World Health Organisation. ICD-10 Classification of Mental and Behavioural Disorders: Clinical 

descriptions and diagnostic guidelines. Geneva: World Health Organisation; 1992. 

4. Ezpeleta L, Keeler G, Erkanli A, Costello EJ, Angold A. Epidemiology of Psychiatric Disability in 

Childhood and Adolescence. J Child Psychol Psychiatry 2001; (7): 901-14. 

5. Erskine HE, Ferrari AJ, Polanczyk GV, et al. The global burden of conduct disorder and attention-

deficit/hyperactivity disorder in 2010. Journal of Child Psychology and Psychiatry 2014; (4): 328-36. 

527



Other mental disorders 
 

Flowchart 

Survey data 
Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/age/

sex for personality 

disorders

Comorbidity 

correction 

(COMO)

Comorbidity 

adjusted 

YLDs

Other mental disorders: Personality disorders 

Study-level covariates

Estimates from  NESARC

Age-sex 

splitting

Disability weights 

for each sequela

Opportunistic surveys by IHME to fill SF-12 

for 60 lay descriptions

MEPS

Surveys with diagnostic information & SF-

12: NESARC & NSMHWB

Mapping of 

EQ5D to SF-

12

Regression to estimate disability 

weights by cause in survey 

respondents controlling for 

comorbidity

Proportion by 

sequalea: mild, 

moderate, & severe 

personality 

disorders

Prevalence by 

sequalea: mild, 

moderate, & severe 

personality 

disorders

Unadjusted 

YLD by 

sequalae

Mapping to SF-12 

GBD disability 

weight

Input data ProcessResultsDatabase

Disability weights

Nonfatal

Burden estimationCause of death

Covariates

 

 

Case Definition 

In addition to the individual mental disorders for which we estimate burden, we also estimate the non-

fatal burden attributable to a residual cause of さother mental disorders.ざ This is made up of an aggregate 

group of personality disorders. Personality disorders are characterised by pervasive, inflexible and 

maladaptive patterns of behaviour and inner experience which are markedly different from what is 

considered to be acceptable in the individualげs culture. These disorders tend to be chronic and are 

associated with significant distress or disability. Included in GBD 2017 were cases meeting diagnostic 

criteria for personality disorders according to the Diagnostic and Statistical Manual of Mental Disorders 

(DSM), or the equivalent diagnosis in the International Classification of Diseases (ICD).1,2 The aggregated 

group of personality disorders used in GBD 2017 captured any of the following; 

 Paranoid personality disorder 

 Schizoid personality disorder 

 Schizotypal personality disorder 
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 Antisocial personality disorder 

 Borderline personality disorder 

 Histrionic personality disorder 

 Narcissistic personality disorder 

 Avoidant personality disorder 

 Dependent personality disorder 

 Obsessive-compulsive personality disorder 

 Personality disorder not otherwise specified 

 

Input data 
 Model inputs 

Prevalence estimates for the above personality disorders were obtained from the US National 

Epidemiological Survey on Alcohol and Related Conditions (NESARC, conducted in two waves from 2001に
2002 and 2004に2005)3 and the Australian National Survey of Mental Health and Wellbeing of Adults 

(NSMHWB, conducted in 1997).4 Given that personality disorders often co-occur with other mental and 

substance use disorders, an adjustment for comorbidity is important so as not to overestimate the overall 

burden attributable to mental and substance use disorders. Participants meeting criteria for any type of 

personality disorders from the NESARC and NSMHWB surveys were counted as a prevalent case only if 

they did not simultaneously meet criteria for another mental and substance use disorder featured in GBD 

2017. The table below summarises data inputs by parameter.  

 

Prevalence 

Site-years (total) 3 

Number of countries with data 2 

Number of GBD regions with data (out of 21 regions) 2 

Number of GBD super-regions with data (out of 7 super-

regions) 1 

 

Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights applied to the 

personality disorders within this residual group are shown below and were those estimated for anxiety 

disorders. 

Severity level Lay description DW (95% CI) 

Mild Feels mildly anxious and worried, which makes it slightly 

difficult to concentrate, remember things, and sleep. The 

person tires easily but is able to perform daily activities.  

0.03 (0.018に0.046) 

Moderate Feels anxious and worried, which makes it difficult to 

concentrate, remember things, and sleep. The person 

tires easily and finds it difficult to perform daily activities.  

0.133 (0.091に0.186) 

Severe Constantly feels very anxious and worried, which makes it 

difficult to concentrate, remember things, and sleep. The 

0.523 (0.362に0.677) 
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person has lost pleasure in life and thinks about suicide.  

 

To determine the proportion of people with personality disorders within each of the severity levels,  the 

NSMHWB survey was used to estimate the proportion of cases asymptomatic (30%, 28%に32%), mild 

(41%, 33%に47%), moderate (15%, 11%に20%) and severe (14%, 10%に18%). 

 

Modelling Strategy 

The GBD 2017 epidemiological modelling strategy made use of DisMod-MR 2.1. As we only had 

prevalence data available, a number of expert priors were used in order to run a full-parameter model. 

We assumed no incidence and prevalence before age 14. This minimum age of onset was corroborated 

with expert feedback and DSM criteria highlighting the fact that personality disorders typically become 

recognisable during adolescence and early adulthood. Remission was set to a maximum of 0.01, given 

that these are understood to be chronic disorders with little or no complete remission. Excess mortality 

was set to 0 in this model, in the absence of mortality data required for DisMod-MR 2.1 modelling 

purposes. 

Study-level covariates were used to accommodate for between-study variability in the raw prevalence 

data. A cv_NESARC covariate adjusted all data points derived from NESARC toward the level of data 

points from the NSMHWB. The latter survey was made up of a more representative list of personality 

disorders and produced estimates along the levels of what we would expect for personality disorders. The 

corresponding beta and exponentiated value (which can be interpreted as an odds ratio) is shown in the 

table below: 

Study covariate Parameter beta Exponentiated beta 

cv_NESARC  Prevalence 0.65 ( 0.35に0.98) 1.92 (1.42に2.67) 

 

In this model, global prevalence was exclusively estimated using prevalence estimates from two surveys 

from the United States and Australia where we had unit record data available to estimate the prevalence 

of personality disorders, excluding those not simultaneously meeting criteria for another mental or 

substance use disorder. Given the sparsity of data, we applied a restriction on location random-effects of 

-0.1 to 0.1 to further guide prevalence estimation. We are currently undertaking a literature review of 

population-survey data on the epidemiology of personality disorders across low-, middle-, and high-

income countries with the aim of providing more robust and globally representative burden estimates for 

personality disorders in future GBD studies. 
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Alcohol use disorders  

 

Flowchart 

 

 

Case definition 

Alcohol dependence is a substance-related disorder involving a dysfunctional pattern of alcohol use. 

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria for alcohol 

dependence, at least three out of seven of the following criteria must be manifested during a 12-month 

period: 

 Tolerance 

 Withdrawal symptoms or clinically defined alcohol withdrawal syndrome 

 Use in larger amounts or for longer periods than intended 

 Persistent desire or unsuccessful efforts to cut down on alcohol use 

 Time is spent obtaining alcohol or recovering from effects 

 Social, occupational, and recreational pursuits are given up or reduced because of alcohol use 

 Use is continued despite knowledge of alcohol-related harm (physical or psychological) 

The DSM-IV codes for alcohol dependence is 303.90, and the corresponding International Classification of 

Diseases (ICD-10) codes are F10.1 and F10.2.1,2 
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Input data 

Model inputs 

In GBD 2013 and GBD 2016, systematic reviews of literature were conducted to capture studies of 

prevalence, incidence, remission, duration, and excess mortality associated with alcohol dependence. In 

summary, the search was conducted in three stages involving searches of the peer-reviewed literature 

(via Medline, Embase, and PubMed), the grey literature, and expert consultation. Updates to systematic 

reviews are performed on an ongoing schedule across all GBD causes and an update for alcohol 

dependence will be performed in the next one to two iterations. 

The inclusion criteria stipulated that (1) さI;ゲWﾐWゲゲざ must be based on clinical threshold as established by 

the DSM and ICD; (2) sufficient information must be provided on study method and sample 

characteristics to assess the quality of the study; and (3) study samples must be representative of the 

general population (ie, inpatient or pharmacological treatment samples [accepted for estimates of 

mortality], case studies, and veterans or refugee samples were excluded). Due to insufficient data on 

alcohol dependence in some regions, estimates using the Alcohol Use Disorder Identification Test (AUDIT) 

and estimates of alcohol use disorders (alcohol abuse + alcohol dependence) and are included in the 

epidemiological modelling of alcohol dependence. These estimates are adjusted with study-level 

covariates to reflect what these estimates would be if the data represented estimates of alcohol 

dependence.  

An adjustment was made outside of DisMod-MR 2.1 to adjust past-year prevalence estimates of alcohol 

dependence toward the level they would have been had the study measured point prevalence, as the 

latter is less susceptible to recall bias. Given that remission from alcohol dependence (and hence, average 

disease duration) vary considerably with age, we also applied an age pattern to this adjustment that 

cannot be replicated within DisMod-MR 2.1 by use of covariates.  

 

The first step was to estimate the average duration by taking the inverse of remission. Next, we applied 

an adjustment factor from one-year to point prevalence using the following formula where average 

duration is expressed in years: adjustment factor 噺  average durationaverage duration 髪  な 

Age-specific adjustment factors were applied to all one-year prevalence estimates propagating sampling 

uncertainty around the prevalence and remission input data through to the final adjusted prevalence 

estimates. 

Prevalence estimates were split by age and sex where possible outside of DisMod-MR 2.1. First, if studies 

reported prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

regional prevalence age pattern estimated by DisMod-MR 2.1.  
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The table below summarises data inputs for alcohol dependence by parameter. 

 

 

Incidence Other Prevalence Remission 

Site-years (total) 3 37 412 3 

Number of countries with data 3 15 57 3 

Number of GBD regions with data (out of 21 regions) 3 8 18 3 

Number of GBD super-regions with data (out of 7 

super-regions) 2 3 7 2 

 

Severity splits & disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for alcohol 

dependence severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Very mild 
Drinks alcohol daily and has difficulty controlling the 

urge to drink. When sober, the person functions 

normally. 

0.123 

(0.082に0.177) 

Mild  Drinks a lot of alcohol and sometimes has difficulty 

controlling the urge to drink. While intoxicated, the 

person has difficulty performing daily activities. 

0.235 

(0.16に0.327) 

Moderate Drinks a lot, gets drunk almost every week and has great 

difficulty controlling the urge to drink. Drinking and 

recovering cause great difficulty in daily activities, sleep 

loss, and fatigue.  

0.373 

(0.248に0.508) 

Severe Gets drunk almost every day and is unable to control the 

urge to drink. Drinking and recovering replace most daily 

activities. The person has difficulty thinking, 

remembering and communicating, and feels constant 

pain and fatigue. 

0.57 

(0.396に0.732) 

*asymptomatic cases carried no disability weight 

Severity splits used in GBD 2017 were consistent with those used in GBD 2016. The UﾐｷデWS “デ;デWゲげ 
Medical Expenditure Panel Survey (MEPS, conducted in annual waves since 1996)3, the US National 

Epidemiological Survey on Alcohol and Related Conditions (NESARC, conducted in two waves from 2001に
2002 and 2004に2005)4, and the Australian National Survey of Mental Health and Wellbeing of Adults 

(NSMHWB, conducted in 1997)5 were used to estimate the proportion of alcohol dependence cases in 

the asymptomatic 40.9% (38.4%に43.3%); very mild 46.9% (43.7%に50.0%); mild 4.0% (1.8%に5.8%); 

moderate 3.4% (2.3%に4.5%); and severe 4.8% (3.0%に7.0%) disease categories. 
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Modelling strategy 

The GBD 2017 epidemiological modelling strategy for alcohol dependence made use of DisMod-MR 2.1 to 

estimate prevalence by age, sex, year, and location. Standardised mortality ratio and relative risk data 

were excluded in the modelling process. Instead we pulled in cause-specific mortality rate (CSMR) data 

from our CODEm and CODcorrect analyses and matched it with prevalence data points for the same 

geography and study year to estimate priors on excess mortality rates (by dividing CSMR by prevalence). 

We assumed no incidence and mortality before age 10. An upper limit of 0.6 was placed on remission (in 

line with data from the US National Epidemiological Survey on Alcohol and Related Conditions (NESARC) 

as well as a declining trend with age to restrict DisMod-MR 2.1 from straying too far from the data inputs. 

Within DisMod-MR 2.1, study-level covariates were used to accommodate for other sources of between-

study variability in the raw prevalence data. Combined abuse and dependence prevalence estimates were 

crosswalked down toward dependence-only estimates. Similarly, prevalence estimates using AUDIT were 

crosswalked down toward prevalence estimates from diagnostic (non-AUDIT) measures.  

Country-level covariates were also included. The LDI covariate represents a moving average of gross 

domestic product (GDP) over time. LDI was also applied to excess mortality data with a negative 

relationship assumed. Alcohol consumption was also represented by a covariate representing this in 

terms of litres of alcohol per capita. 

 

Study/country covariate Parameter beta Exponentiated beta 

Abuse and dependence Prevalence 0.68 (0.59に0.80) 1.98 (1.80に2.23) 

AUDIT Prevalence 1.34 (1.24に1.43) 3.81 (3.46に4.19) 

Alcohol (litres per capita) Prevalence 0.51 (0.00に1.00) 1.65 (1.00に2.71) 

LDI (I$ per capita) Excess mortality -0.1 (-0.11 to -0.1) 0.90 (0.90に0.90) 
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Fetal alcohol syndrome 
 

Flowchart 

 

Input data and methodological summary 

 

Case definition 

Fetal alcohol syndrome (FAS; ICD-10: Q86.0) is a disorder caused by maternal drinking during pregnancy 

and is the most severe form of fetal alcohol spectrum disorder (FASD). In GBD, only FAS cases were 

included in the model. Other manifestations of FASD including partial fetal alcohol syndrome, alcohol-

related neurodevelopmental disorder, and alcohol-related birth defects were not included. FAS is 

characterised by maternal alcohol exposure which results in certain patterns of facial anomalies such as 

short palpebral fissures and abnormalities in the premaxillary zone (eg, flat upper lip, flattened philtrum, 

and flat midface), growth retardation (eg, decelerating weight over time not due to nutrition), and central 

nervous system neurodevelopmental abnormalities (eg, decreased cranial size at birth) in the offspring.1 

Cases were defined according to diagnostic guidelines set by the USA Institute of Medicine, the British 

Paediatric Association, and other recognised bodies in the area. 

Input data 

 Model inputs 

A series of systematic literature reviews were conducted to capture studies reporting the prevalence, 

incidence, remission, and excess mortality of FAS. The reviews incorporated searches of peer-reviewed 

literature via electronic databases and consultation with experts. In order for a study to be included, it 

must use recognised classifications of FAS (eg, the USA Institute of Medicine) and provide sufficient 

details on study methodology and sample characteristics to determine study quality. No limitation was 

set on the language of publication. Data from the European Surveillance of Congenital Anomalies 

(EUROCAT) were also included and updated where relevant. This methodology was utilised in GBD 2015. 
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Updates to systematic reviews are performed on an ongoing schedule across all GBD causes, and an 

update for FAS will be performed in the next one to two iterations. The table below summarises data 

inputs for FAS by parameter. 

 

 

Other Prevalence 

Site-years (total) 5 121 

Number of countries with data 4 31 

Number of GBD regions with data (out of 21 regions) 3 10 

Number of GBD super-regions with data (out of 7 super-

regions) 1 5 

 

 Severity split inputs 

There were no data available which gave prevalence of FAS by severity. As such, severity splits for FAS 

were calculated by matching FAS severity to categories of IQ in children for which prevalence data are 

available. Severe FAS was matched to an IQ of less than 50, moderate FAS to an IQ of 50 to 69, mild FAS 

to an IQ of 74 to 84, and asymptomatic FAS to an IQ of 85 or higher. Prevalence data for these IQ levels 

were then used to calculate severity splits for FAS. 

Severity level Lay description DW (95% CI) 

Mild Is a little slow in developing physically 

and mentally, which causes some 

difficulty in learning but no other 

difficulties in daily activities. 

0.016 (0.008に0.03) 

Moderate Is slow in developing physically and 

mentally, which causes some difficulty in 

daily activities. 

0.056 (0.035に0.083) 

Severe Is very slow in developing physically and 

mentally, which causes great difficulty in 

daily activities. 

0.179 (0.119に0.257) 

 

Modelling strategy  

Prevalence was set to begin from birth. Incidence was set to zero given cases cannot manifest after birth 

(despite the fact they may not be diagnosed immediately at birth). Remission was also set to zero. A 

covariate was included in the model which addressed the heterogeneity introduced by different case-

finding methods, ie, active versus passive case-finding. Estimates from known high-drinking populations 

(eg, indigenous populations) were not considered representative of the general population and were 

excluded. A country-level covariate was included for GBD 2016 representing the log proportion of 

pregnant women who drink during their pregnancy, estimated from a meta-analysis.2 

The table below illustrates the covariate, parameter, beta and exponentiated beta values for the model. 

Study/country  covariate Parameter beta Exponentiated beta 

Passive case finding Prevalence 0.15 (0.01に0.68) 1.17 (1.01に1.698) 

Maternal drinking Prevalence 0.40 (0.02に0.90) 1.49 (1.02に2.47) 
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Case Definition 

Opioid dependence is a substance-related disorder involving a dysfunctional pattern of opioid use. 

Included in the GBD disease modelling were cases meeting the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV-TR) or the International Classification of Diseases (ICD-10) diagnostic criteria 

for opioid dependence (DSM: 304.00; ICD: F11.2), excluding those cases due to a general medical 

condition.1,2 According to DSM-IV TR criteria, dependence involves a maladaptive pattern of substance 

use leading to clinically significant impairment or distress. At least three of the following symptoms must 

be experienced within the same 12-month period: 

 Tolerance, characterised by either 

o a need for increased amounts of the substance to achieve intoxication; or 

o markedly diminished effect with continued use of the same amount of the substance;  

 Withdrawal, characterised by either 

o Withdrawal symptoms characteristic to dependence; or 

o the same (or similar) substance is taken to avoid withdrawal symptoms; 
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 Substance taken in progressively larger amounts or for longer period; 

 Persistent desire or unsuccessful efforts to reduce substance use; 

 Disproportionate time dedicated to obtaining the substance; 

 Other important activities are given up because of the substance use; and 

 Substance use is continued despite knowledge of physical or psychological problems occurring 

as a result of the substance. 

 

Input data 

Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with MDD. In summary, the search was conducted 

in three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, Embase, and 

PubMed), the grey literature, and expert consultation. The agreed-upon approach for mental and 

substance use disorders was to conduct electronic database searches on a rolling basis. All three stages 

of GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン ;ﾐS GBD ヲヰヱヶ. For GBD 2017, literature 

updates focused on data sources captured within the Global Heath Data Exchange 

(http://ghdx.healthdata.org/). 

Additionally, two targeted systematic reviews were conducted to further supplement the dataset. The 

first review captured studies reporting on the epidemiology of opioid use disorders within Maori versus 

non-Maori populations (as opposed to New Zealand more broadly), given the inclusion of these two sub-

groups in GBD 2017. The second review searched for studies on the epidemiology of opioid use 

disorders in China using primarily the China National Knowledge Infrastructure database. The focus was 

to search for studies published in Chinese journals that would not typically be captured in mainstream 

databases such as PsycInfo, Embase, and PubMed. 

The inclusion criteria stipulated that 1) the publication year must be from 1980 onward; 2) さcasenessざ 

must be based on clinical threshold as established by the DSM or ICD; 3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans or refugee samples were excluded). No limitation was set on the 

language of publication. Methods used for this systematic review have been reported in greater detail 

elsewhere.3,4  

 

The table below shows the number of site-years of data represented in the GBD 2017 model, as well as 

the number of countries and GBD world regions represented. 

 Prevalence Remission Other 

Site-years (total) 587 26 45 

Number of countries with data 31 6 17 

Number of GBD regions with data (out 9 5 6 
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of 21 regions) 

Number of GBD super-regions with 

data (out of 7 super-regions) 5 3 5 

 

Age and sex splitting 

In GBD 2017, reported estimates of prevalence were split by age and sex where possible. First, if studies 

reported prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and 

females separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- 

to 30-year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates 

were split by sex using the reported sex ratio and bounds of uncertainty. Second, where studies 

reported estimates across age groups spanning 20 years or more, these were split into five-year age 

groups using the prevalence age pattern estimated by DisMod-MR.  

 

Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for opioid 

dependence severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Mild Uses heroin (or methadone) daily and has difficulty 

controlling the habit. When not using, the person 

functions normally. 

0.335 (0.221に0.473) 

Moderate to 

severe 

Uses heroin daily and has difficulty controlling the habit. 

When the effects wear off, the person feels severe 

nausea, agitation, vomiting, and fever. The person has a 

lot of difficulty in daily activities. 

0.697 (0.510に0.843) 

 

The proportion of people with opioid dependence within each of the severity levels was determined 

based on available data from US National Epidemiological Survey on Alcohol and Related Conditions 

(NESARC), conducted in two waves from 2001に2002 and 2004に2005,5 and the Comorbidity and Trauma 

study conducted in 2005-2008.6,7 The estimated distribution of opioid dependent cases by severity were 

asymptomatic (16%, 13%に19%), mild (37%, 20%に55%), and moderate/severe (47%, 29%に64%). 

 

Modelling Strategy 

We ran a DisMod-MR model to produce estimates by age, sex, year, and country. We assumed no 

incidence and excess mortality before age 15. This minimum age of onset was corroborated with expert 

feedback and existing literature on opioid dependence. We also assumed no incidence after age 64 as 
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supported by data from various sources including the European Monitoring Centre for Drugs and Drug 

Addiction.8 An upper limit of 0.2 was placed on remission consistent with limits in the dataset. Cause-

specific mortality rates (CSMR) from the GBD 2016 cause of death model for opioid use disorders were 

included as data points in the DisMod-MR model.     

The prevalence dataset included data points using さSｷヴWIデざ or さｷﾐSｷヴWIデざ survey methods. さDｷヴWIデざ 
methods of measuring opioid dependence predominantly involve surveys of the general population that 

ask if respondents use or are dependent on opioids. Surveys tend to underestimate the prevalence of 

the most harmful and stigmatised forms of illicit drug use in ways that probably vary between countries 

and cultures.9 さIndirectざ methods are considered superior; they use different sources of data to 

indirectly estimate the total number of drug users (methods include さmultiplier methods,ざ back-

projection and capture-recapture methods). Due to insufficient data on dependence from indirect 

survey methods (considered to be the gold standard for GBD purposes), estimates derived from direct 

survey methods were included in the modelling. The cv_direct covariate was then used to adjust for 

whether a direct or indirect survey method was used. A crosswalk was estimated to convert all 

dependence estimates obtained via direct methods in the dataset, into its equivalent value if the study 

had measured dependence estimates obtained via indirect methods. A direct:indirect dependence ratio 

of 0.34 (0.33に0.37) was calculated by DisMod-MR based on comparable direct and indirect dependence 

estimates in the dataset.  

In GBD 2017, we introduced two new country-level covariates. Age-standardised prevalence of 

intravenous drug use was used to inform estimates for countries where there were sparse data. 

Additionally, estimates of defined daily doses for statistical purposes (SDDD; consumption per day per 

million population) of opioid analgesics were modelled via spatiotemporal Gaussian process regression 

(ST-GPR) using data supplied by the International Narcotics Control Board (INCB). No uncertainty was 

provided around the data provided and so uncertainty was estimated assuming a linear relationship 

between the coefficient of variation (CoV) and the Healthcare Access and Quality (HAQ) index for the 

estimate, with the lowest HAQ index having a CoV of 1.0 and the highest HAQ index having a CoV of 0.2. 

Subnational estimates for the USA were estimated by crosswalking national estimates with the 

state/national ratios of opioid prescriptions per 100 persons supplied by the Centers for Disease Control 

and Prevention. 

Study covariate beta Exponentiated beta 

Intravenous drug use (age-standardised 

proportion) 

0.2 (0.0062に0.69) 1.22 (1.01に1.99) 

Opioids per million population per day 

(10-year lag) 

0.059 (0.046に0.075) 1.06 (1.05に1.08) 
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Case definition 

Cocaine dependence is a substance-related disorder involving a dysfunctional pattern of cocaine use. 

Included in the GBD disease modelling were cases meeting the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV-TR) or the International Classification of Diseases (ICD-10) diagnostic criteria 

for cocaine dependence (DSM: 304.20; ICD: F14.2), excluding those cases due to a general medical 

condition.1,2 According to DSM-IV TR criteria, dependence involves a maladaptive pattern of substance 

use leading to clinically significant impairment or distress. At least three of the following symptoms must 

be experienced within the same 12-month period: 

 Tolerance, characterised by either 

o a need for increased amounts of the substance to achieve intoxication; or 

o markedly diminished effect with continued use of the same amount of the substance;  

 Withdrawal, characterised by either 

o Withdrawal symptoms characteristic to dependence; or 

o the same (or similar) substance is taken to avoid withdrawal symptoms; 

 Substance taken in progressively larger amounts or for a longer period; 

544



 Persistent desire or unsuccessful efforts to reduce substance use; 

 Disproportionate time dedicated to obtaining the substance; 

 Other important activities are given up because of the substance use; and 

 Substance use is continued despite knowledge of physical or psychological problems occurring as 

a result of the substance. 

 

Input data 

Model inputs 

A systematic review of the literature was conducted to capture studies of prevalence, incidence, 

remission, and excess mortality associated with cocaine dependence. In summary, the search was 

conducted in three stages involving searches of the peer-reviewed literature (via Medline, Embase, and 

PubMed), the grey literature, and expert consultation. The agreed-upon approach for mental and 

substance use disorders was to conduct electronic database searches on a rolling basis. All three stages of 

GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン デﾗ I;ヮデ┌ヴW ;SSｷデｷﾗﾐ;ﾉ S;デ; ヮ┌HﾉｷゲｴWS ┌ヮ デﾗ 
2013. For GBD 2015, stages 2 and 3 of the literature review were updated, and in GBD 2016, the peer-

reviewed database search (stage 1) was conducted via Medline, Embase, and Psycinfo to capture studies 

published from 2013 to 2016. GBD 2017 included additional sources identified by GBD experts and 

microdata where available. Additionally, in GBD 2017, two targeted systematic reviews were conducted 

to further supplement the dataset. The first review captured studies within Maori versus non-Maori 

populations (as opposed to New Zealand more broadly), given the inclusion of these two sub-groups in 

GBD 2017. The second review utilised the China National Knowledge Infrastructure database to find 

studies that would not typically be captured in PubMed, Embase, and PsycINFO. 

The inclusion criteria stipulated that 1) the publication year must be from 1980 onward; 2) さcasenessざ 

must be based on clinical threshold as established by the DSM or ICD; 3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans or refugee samples were excluded). No limitation was set on the language 

of publication. Methods used for this systematic review have been reported in greater detail elsewhere.3,4  

Age and sex splitting 

In GBD 2017, reported estimates of prevalence were split by age and sex where possible. First, if studies 

reported prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

prevalence age pattern estimated by DisMod-MR 2.1. 
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Data counts 

 

Other Prevalence Remission 

Site-years (total) 8 478 3 

Number of countries with data 7 68 2 

Number of GBD regions with data (out of 21 regions) 5 18 2 

Number of GBD super-regions with data (out of 7 super-regions) 4 7 2 

 

Severity splits and disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for cocaine 

dependence severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Mild Uses cocaine at least once a week and has some difficulty 

controlling the habit. When not using, the person 

functions normally. 

0.116 (0.074に0.165) 

Moderate to 

severe 

Uses cocaine and has difficulty controlling the habit. The 

person sometimes has mood swings, anxiety, paranoia, 

hallucinations and sleep problems, and has some 

difficulty in daily activities. 

0.479 (0.324に0.634) 

 

The proportion of people with cocaine dependence within each of the severity levels were determined 

based on available data from US National Epidemiological Survey on Alcohol and Related Conditions 

(NESARC), conducted in two waves from 2001 to 2002 and 2004 to 20055. The estimated distribution of 

cocaine dependent cases by severity were asymptomatic (50%, 37%に64%), mild (25%, 18%に33%), and 

moderate/severe (25%, 17%に33%). 

 

Modelling strategy 

We ran a DisMod-MR 2.1 model to produce estimates by age, sex, year, and country. We assumed no 

incidence, remission, and excess mortality before age 15, and an upper limit of 0.2 on remission. The 

minimum age of onset was corroborated with expert feedback and existing literature from various 

sources including the European Monitoring Centre for Drugs and Drug Addiction.6 Cause-specific 

mortality rates (CSMR) from the GBD 2017 cause of death model for cocaine use disorders were included 

as data in the DisMod-MR 2.1 model.    

The prevalence dataset included data points of both use and dependence estimated using さSｷヴWIデざ or 

さindirectざ survey methods. さDirectざ methods of measuring amphetamine dependence predominantly 

involve surveys of the general population that ask if respondents use or are dependent on amphetamine. 

Surveys tend to underestimate the prevalence of the most harmful and stigmatised forms of illicit drug 
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use in ways that probably vary between countries and cultures.7 さIndirectざ methods are considered 

superior; they use different sources of data to indirectly estimate the total number of drug users 

(methods include さmultiplier methods,ざ back-projection and capture-recapture methods). Due to the lack 

of data available on cocaine dependence from indirect survey methods (considered to be the gold 

standard for GBD purposes), estimates of use and/or estimates from direct survey methods were 

included in the modelling. Study-level covariates were then used to accommodate for between-study 

variability in the raw prevalence data. The cv_direct use covariate was used to adjust for whether direct 

or indirect survey methods were used. This converted all use estimates obtained via direct methods in 

the dataset into their equivalent value if the study had measured dependence estimates obtained via 

indirect methods. A ratio of direct use:indirect dependence was calculated by comparing similar direct 

use and indirect dependence estimates in the dataset. To allow for meaningful comparisons, paired direct 

use and indirect dependence estimates needed to be similar in terms of the country they were from, 

year, age group, sex, and prevalence type. To maximise the number of data points available for this ratio, 

paired estimates for psychostimulants (ie, both cocaine and amphetamine) were used. Once a dataset 

was set up with paired direct use and indirect dependence estimates, MetaXL (a meta-analysis add-in for 

Microsoft Excel) was utilised to estimate a ratio of direct use:indirect dependence, whereby direct use 

estimates were found to be 3.6 (2.6に5.2) times higher than indirect dependence estimates. This ratio was 

used in DisMod-MR to adjust all use estimates in the dataset downward, toward the level they would 

have been had the study reported indirect dependence. A similar method was used to adjust prevalence 

estimates of cocaine dependence obtained via direct methods toward the level they would have been 

had the study measured cocaine dependence using indirect methods. The estimated ratio of direct 

dependence: indirect dependence was 0.5 (0.2に1.1). 

Betas and exponentiated values (which can be interpreted as an odds ratio) for each study-level covariate 

are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

cv_direct use Prevalence 1.29 (1.29に1.29) 3.63 (3.63に3.63) 

cv_direct dependence Prevalence -0.68 (-0.68 to -0.68) 0.51 (0.51に0.51) 
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Case definition 

Amphetamine dependence is a substance-related disorder involving a dysfunctional pattern of 

amphetamine use. Included in the GBD disease modelling were cases meeting the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV-TR) or the International Classification of Diseases (ICD-10) 

diagnostic criteria for amphetamine dependence (DSM: 304.40; ICD: F15.2), excluding those cases due to 

a general medical condition.1,2 According to DSM-IV TR criteria, dependence involves a maladaptive 

pattern of substance use, leading to clinically significant impairment or distress. At least three of the 

following symptoms must be experienced within the same 12-month period: 

 Tolerance, characterised by either 

o a need for increased amounts of the substance to achieve intoxication; or 

o markedly diminished effect with continued use of the same amount of the substance;  

 Withdrawal, characterised by either 

o Withdrawal symptoms characteristic to dependence; or 

o the same (or similar) substance is taken to avoid withdrawal symptoms; 

 Substance taken in progressively larger amounts or for longer periods; 
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 Persistent desire or unsuccessful efforts to reduce substance use; 

 Disproportionate time dedicated to obtaining the substance; 

 Other important activities are given up because of the substance use; and 

 Substance use is continued despite knowledge of physical or psychological problems occurring as 

a result of the substance. 

 

put data 

Model inputs 

A systematic review of the literature was conducted to capture studies of prevalence, incidence, 

remission, and excess mortality associated with amphetamine dependence. In summary, the search was 

conducted in three stages involving searches of the peer-reviewed literature (via Medline, Embase, and 

PubMed), the grey literature, and expert consultation. The agreed-upon approach for mental and 

substance use disorders was to conduct electronic database searches on a rolling basis. All three stages of 

GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン デﾗ I;ヮデ┌ヴW ;SSｷデｷﾗﾐ;ﾉ S;デ; ヮ┌HﾉｷゲｴWS ┌ヮ デﾗ 
2013. For GBD 2015, stages 2 and 3 of the literature review were updated and in GBD 2016, the peer-

reviewed database search (stage 1) was conducted via Medline, Embase, and Psycinfo to capture studies 

published from 2013 to 2016. GBD 2017 included additional sources identified by GBD experts and 

microdata where available. Additionally, in GBD 2017, two targeted systematic reviews were conducted 

to further supplement the dataset. The first review captured studies within Maori versus non-Maori 

populations (as opposed to New Zealand more broadly), given the inclusion of these two sub-groups in 

GBD 2017. The second review utilised the China National Knowledge Infrastructure database to find 

studies that would not typically be captured in PubMed, Embase, and PsycINFO. 

The inclusion criteria stipulated that: 1) the publication year must be from 1980 onward; 2) さcasenessざ 

must be based on clinical threshold as established by the DSM or ICD; 3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans, or refugee samples were excluded). No limitation was set on the 

language of publication. Methods used for this systematic review have been reported in greater detail 

elsewhere.3,4  

Age and sex splitting 

In GBD 2017, reported estimates of prevalence were split by age and sex where possible. First, if studies 

reported prevalence for broad age groups by sex (eg, prevalence in 15-to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

prevalence age pattern estimated by DisMod-MR.  
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Data counts 

 

Other Prevalence Remission 

Site-years (total) 6 411 1 

Number of countries with data 5 58 1 

Number of GBD regions with data (out of 21 regions) 3 14 1 

Number of GBD super-regions with data (out of 7 super-regions) 3 7 1 

 

Severity splits and disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for 

amphetamine dependence severity levels are shown below. 

 

Severity level Lay description DW (95% CI) 

Mild Uses stimulants (drugs) at least once a week and has 

some difficulty controlling the habit. When not using, the 

person functions normally. 

0.079 (0.051に0.114) 

Moderate to 

severe 

Uses stimulants (drugs) and has difficulty controlling the 

habit. The person sometimes has depression, 

hallucinations, and mood swings, and has difficulty in 

daily activities.  

0.486 (0.329に0.637) 

 

The proportion of people with amphetamine dependence within each of the severity levels was 

determined based on available data from US National Epidemiological Survey on Alcohol and Related 

Conditions (NESARC), conducted in two waves from 2001 to 2002 and 2004 to 2005.5 The estimated 

distribution of amphetamine dependent cases by severity were asymptomatic (55%, 40%に71%), mild 

(19%, 12%に27%), and moderate/severe (26%, 16%に35%). 

 

Modelling strategy 

We ran a DisMod-MR 2.1 model to produce estimates by age, sex, year, and country. We assumed no 

incidence, remission, and excess mortality before age 15, and an upper limit of 0.35 on remission. The 

minimum age of onset was corroborated with expert feedback and existing literature from various 

sources including the European Monitoring Centre for Drugs and Drug Addiction.6 Cause-specific 

mortality rates (CSMR) from the GBD 2017 cause of death model for amphetamine use disorders were 

included as data in the DisMod-MR 2.1 model.    

The prevalence dataset included data-points of both use and dependence estimated using さSｷヴWIデざ or 

さindirectざ survey methods. さDirectざ methods of measuring amphetamine dependence predominantly 

involve surveys of the general population that ask if respondents use or are dependent on amphetamine. 

Surveys tend to underestimate the prevalence of the most harmful and stigmatized forms of illicit drug 
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use in ways that probably vary between countries and cultures.7 さIndirectざ methods are considered 

superior; they use different sources of data to indirectly estimate the total number of drug users 

(methods include さmultiplier methods,ざ back-projection and capture-recapture methods). Due to the lack 

of data available on amphetamine dependence from indirect survey methods (considered to be the gold 

standard for GBD purposes), estimates of use and/or estimates from direct survey methods were 

included in the modelling. Study-level covariates were then used to accommodate for between-study 

variability in the raw prevalence data. The cv_direct use covariate was used to adjust for whether direct 

or indirect survey methods were used. This converted all use estimates obtained via direct methods in 

the dataset, into its equivalent value if the study had measured dependence estimates obtained via 

indirect methods. A ratio of direct use:indirect dependence was calculated by comparing similar direct 

use and indirect dependence estimates in the dataset. To allow for meaningful comparisons, paired direct 

use and indirect dependence estimates needed to be similar in terms of the country they were from, 

year, age group, sex and, prevalence type. To maximise the number of data points available for this ratio 

paired estimates for psychostimulants (ie, both cocaine and amphetamine) were used. Once a dataset 

was set up with paired direct use and indirect dependence estimates, MetaXL (a meta-analysis add-in for 

Microsoft Excel) was utilised to estimate a ratio of direct use:indirect dependence, whereby direct use 

estimates were found to be 3.6 (2.6に5.2) times higher than indirect dependence estimates. This ratio was 

used in DisMod-MR to adjust all use estimates in the dataset downward, toward the level they would 

have been had the study reported indirect dependence. A similar method was used to adjust prevalence 

estimates of amphetamine dependence obtained via direct methods toward the level they would have 

been had the study measured amphetamine dependence using indirect methods. The estimated ratio of 

direct dependence: indirect dependence was 0.5 (0.2に1.1). 

Betas and exponentiated values (which can be interpreted as an odds ratio) for each study level covariate 

are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

cv_direct use Prevalence 1.29 (1.29に1.29) 3.63 (3.63に3.63) 

cv_direct dependence Prevalence -0.68 (-0.68 to -0.68) 0.51 (0.51に0.51) 
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Cannabis use disorders 
 

Flowchart 
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Case Definition 

Cannabis dependence is a substance-related disorder involving a dysfunctional pattern of cannabis use. 

Included in GBD disease modelling were cases meeting diagnostic criteria for cannabis dependence 

according to the Diagnostic and Statistical Manual of Mental Disorders (DSM), or the equivalent diagnosis 

in the International Classification of Diseases (ICD). These were identified by the following codes: 

DSM:304.30, ICD:F12.2; excluding those cases due to a general medical condition.1,2 

According to DSM-IV-TR criteria, cannabis dependence involves a maladaptive pattern of cannabis use, 

leading to clinically significant impairment or distress. At least three of the following symptoms must be 

experienced within the same 12-month period: 

 Tolerance, characterised by either 

o a need for increased amounts of the substance to achieve intoxication; or 

o markedly diminished effect with continued use of the same amount of the substance;  

 Withdrawal, characterised by either 

o Withdrawal symptoms characteristic to cannabis dependence; or 
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o the same (or similar) substance is taken to avoid withdrawal symptoms; 

 substance taken in progressively larger amounts or for longer periods; 

 persistent desire or unsuccessful efforts to reduce substance use; 

 disproportionate time dedicated to obtaining the substance; 

 other important activities are given up because of the substance use; and 

 substance use is continued despite knowledge of physical or psychological problems occurring as 

a result of the substance. 

 

Input data 

 Model inputs 

For GBD 2010, a systematic review of the literature was conducted to capture studies of prevalence, 

incidence, duration, and excess mortality associated with cannabis dependence. In summary, the search 

was conducted in three stages involving electronic searches of the peer-reviewed literature (via PsycInfo, 

Embase and PubMed), the grey literature and, expert consultation. The agreed-upon approach for mental 

and substance use disorders was to conduct electronic database searches on a rolling basis. All three 

ゲデ;ｪWゲ ﾗa GBD ヲヰヱヰげゲ ﾉｷデWヴ;デ┌ヴW ヴW┗ｷW┘ ┘WヴW ヴWヮW;デWS aﾗヴ GBD ヲヰヱン ;ﾐS GBD ヲヰヱヶ. In GBD 2017, stages 

two and three of the literature review were conducted. Additionally, two targeted systematic reviews 

were conducted to further supplement the cannabis dependence dataset. The first review captured 

studies reporting on the epidemiology of cannabis dependence within Maori versus non-Maori 

populations (as opposed to New Zealand more broadly), given the inclusion of these two sub-groups in 

GBD 2017. The second review searched for studies on the epidemiology of cannabis dependence in China 

using primarily the China National Knowledge Infrastructure database. The focus was to search for studies 

published in Chinese journals that would not typically be captured in mainstream databases such as 

PsycInfo, Embase, and PubMed. 

The inclusion criteria stipulated that: (1) the publication year must be from 1980 onward; (2) さcasenessざ 

must be based on clinical threshold as established by the DSM or ICD; (3) sufficient information must be 

provided on study method and sample characteristics to assess the quality of the study; and (4) study 

samples must be representative of the general population (ie, inpatient or pharmacological treatment 

samples, case studies, veterans or refugee samples were excluded). No limitation was set on the language 

of publication. Methods used for this systematic review have been reported in greater detail elsewhere.3-6 

The table below summarises data inputs for cannabis dependence by parameter. 

 

Prevalence Remission 

Site-years (total) 1101 3 

Number of countries with data 121 3 

Number of GBD regions with data (out of 21 regions) 20 3 

Number of GBD super-regions with data (out of 7 super-

regions) 7 1 
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Age and sex splitting 

Reported estimates of prevalence were split by age and sex where possible. First, if studies reported 

prevalence for broad age groups by sex (eg, prevalence in 15- to 65-year-old males and females 

separately), and also by specific age groups but for both sexes combined (eg, prevalence in 15- to 30-

year-olds, then in 31- to 65-year-olds, for males and females combined); age-specific estimates were split 

by sex using the reported sex ratio and bounds of uncertainty. Second, where studies reported estimates 

across age groups spanning 20 years or more, these were split into five-year age groups using the 

prevalence age pattern estimated by DisMod-MR.  

 

Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for cannabis 

dependence severity levels are shown below. 

Severity level Lay description DW (95% CI) 

Mild Uses marijuana at least once a week and has some 

difficulty controlling the habit. When not using, the 

person functions normally. 

0.039 (0.024に0.06) 

Moderate to 

severe 

Uses marijuana daily and has difficulty controlling the 

habit. The person sometimes has mood swings, anxiety, 

and hallucinations, and has some difficulty in daily 

activities.  

0.266 (0.178に0.364) 

 

The US National Epidemiological Survey on Alcohol and Related Conditions (NESARC, conducted in two 

waves from 2001 to 2002 and 2004 to 2005)7 was used to estimate the proportion of cannabis 

dependence cases asymptomatic (58%, 51%に63%), mild (36%, 31%に42%) and moderate to severe (6%, 

4%に8%). 

 

Modelling Strategy 

The epidemiological modelling strategy for cannabis dependence made use of DisMod-MR 2.1. Due to 

insufficient data, estimates of any cannabis use and regular (ie, weekly) cannabis use were included in the 

disease modelling of cannabis dependence in a two-step process. At step 1, a crosswalk was estimated to 

convert estimates of any use in the dataset into its equivalent value if the study had measured regular 

use. To do this a ratio of use:regular use was calculated by comparing similar regular use and use 

estimates in the dataset. To allow for meaningful comparisons, paired regular use and use estimates 

needed to be similar in terms of the country they were from, year, age group, sex, and prevalence type.  

Once a dataset was set up with paired regular use and use estimates, MetaXL (a meta-analysis add-in for 

Microsoft Excel) was used to estimate a ratio of use: regular use whereby use estimates were found to be 

2.9 (2.5に3.3) times higher than regular use estimates. This ratio was used to adjust all use estimates in 

the dataset downward, toward the level they would have been had the study reported regular cannabis 

use. Step 2 involved the DisMod-MR modelling of the regular cannabis use (from step 1) and cannabis 

dependence data. This cannabis regular use/dependence dataset was modelled using a study-level 

covariate which adjusted estimates of regular cannabis use toward the desirable which were estimates of 

cannabis dependence. 
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Study-level covariates were used to accommodate for between-study variability in the raw prevalence 

data. As mentioned previously, a cv_regular use covariate adjusted all regular use estimates toward the 

level they would have been if the study had measured cannabis dependence. This covariate was informed 

by a cannabis regular use: dependence ratio (4.1, 3.9に4.6) estimated outside of DisMod-MR using the 

same methodology outlined above for the use:regular use ratio. Based on expert advice, a cv_nesarc 

covariate adjusted all estimates derived from the NESARC upward toward the level they would have been 

if they had been derived by other surveys. Drug use disorders are not well-captured in household surveys. 

This is especially an issue in NESARC as the sampling strategy used was biased toward less severe cases of 

drug use disorders. A cv_school survey covariate adjusted estimates derived from school surveys 

downward to the level they would have been had the study conducted a fully representative population 

survey. Betas and exponentiated values (which can be interpreted as an odds ratio) for each study-level 

covariate are shown in the table below. 

Study covariate Parameter beta Exponentiated beta 

cv_regular use  Prevalence 1.40 (1.40に1.40)  4.06 (4.06に4.06) 

cv_nesarc Prevalence -0.68 (-0.83 to -0.52) 0.51 (0.44に0.60) 

cv_school survey  Prevalence 0.28 (0.24に0.32) 1.32 (1.27に1.38) 
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Other drug use disorders 
 

Flowchart 

 

 

Case definition 

In addition to the four drug use disorders for which we specifically estimate non-fatal burden (opioid, 

cocaine, amphetamine, and cannabis dependence), we also estimate the burden attributable to a residual 

cause of さother drug use disorders.ざ This is made up of an aggregate group of other forms of drug 

dependence. Included in the GBD disease modelling were cases meeting the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-IV-TR)1 or the International Classification of Diseases (ICD-10)2 

diagnostic criteria for:   

 Hallucinogen dependence 

 Inhalant or solvent dependence 

 Sedative dependence 

 Tranquiliser dependence 

 Other medicines, drugs, substance dependence 

 

According to DSM-IV TR criteria, dependence involves a maladaptive pattern of substance use, leading to 

clinically significant impairment or distress. At least three of the following symptoms must be experienced 

within the same 12-month period: 

 Tolerance, characterised by either 

o a need for increased amounts of the substance to achieve intoxication; or 

o markedly diminished effect with continued use of the same amount of the substance;  

 Withdrawal, characterised by either 

o Withdrawal symptoms characteristic to dependence; or 
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o the same (or similar) substance is taken to avoid withdrawal symptoms; 

 Substance taken in progressively larger amounts or for longer periods; 

 Persistent desire or unsuccessful efforts to reduce substance use; 

 Disproportionate time dedicated to obtaining the substance; 

 Other important activities are given up because of the substance use; and 

 Substance use is continued despite knowledge of physical or psychological problems occurring as 

a result of the substance. 

 

Input data 

 Model inputs 

Prevalence estimates were obtained from the Australian National Survey of Mental Health and Wellbeing 

(NSMHWB) conducted in 19973,and the US National Epidemiological Survey on Alcohol and Related 

Conditions (NESARC), conducted in two waves in 2001に20024 and 2004に2005.5 Given that other forms of 

drug dependence often co-occur with the four types of drug dependence for which we estimate non-fatal 

burden (opioid, cocaine, amphetamine, and cannabis dependence), an adjustment for co-morbidity is 

important so as not to overestimate the overall burden attributable to drug dependence. Participants 

meeting criteria for any other form of drug dependence from each of the surveys used were counted as a 

prevalent case only if they did not simultaneously meet criteria for opioid, cocaine, amphetamine, or 

cannabis dependence. The table below summarises data inputs by parameter. 

 

Prevalence 

Site-years (total) 3 

Number of countries with data 2 

Number of GBD regions with data (out of 21 regions) 2 

Number of GBD super-regions with data (out of 7 super-

regions) 1 

 

Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The average disability weight estimated for cocaine and 

amphetamine dependence was applied to all cases in this residual group of other drug use disorders. The 

cocaine and amphetamine lay descriptions and disability weights are shown below: 

Severity level Lay description DW (95% CI) 

Amphetamine dependence 

Mild Uses stimulants (drugs) at least once a week and has 

some difficulty controlling the habit. When not using, the 

person functions normally. 

0.079 (0.051に0.114) 

Moderate to 

severe 

Uses stimulants (drugs) and has difficulty controlling the 

habit. The person sometimes has depression, 

hallucinations, and mood swings, and has difficulty in 

daily activities.  

0.486 (0.329に0.637) 

Cocaine dependence 

Mild Uses cocaine at least once a week and has some difficulty 0.116 (0.074に0.165) 
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controlling the habit. When not using, the person 

functions normally. 

Moderate to 

severe 

Uses cocaine and has difficulty controlling the habit. The 

person sometimes has mood swings, anxiety, paranoia, 

hallucinations, and sleep problems, and has some 

difficulty in daily activities. 

0.479 (0.324に0.634) 

 

Model ng Strategy 

The GBD 2017 epidemiological modelling strategy made use of DisMod-MR 2.1. A number of additional 

expert priors were used in order to run a full parameter model. We assumed no incidence before age 14, 

a maximum of 0.0004 on incidence from the age of 60 years onward, and a maximum remission of 0.2. 

These priors were corroborated with expert feedback and existing literature on drug use disorders 

including the European Monitoring Centre for Drugs and Drug Addiction.6 Finally, cause-specific mortality 

rates (CSMR) from the GBD 2017 cause of death model for other drug use disorders were included as 

data-points in the DisMod-MR model. 
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Diabetes Mellitus  
 

Diabetes Mellitus prevalence is estimated for overall Diabetes Mellitus, Diabetes Mellitus Type 1, and 

Diabetes Mellitus Type 2 in GBD 2017.  

 

Flowchart  
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Case definition  

The case definitions and diagnostic criteria for overall diabetes mellitus, type 1 diabetes mellitus, and 

type 2 diabetes mellitus are presented in the table below.  

 

Overall diabetes mellitus 

Criterion  Definition  

1. Overall diabetes mellitus Diabetes mellitus (DM) is defined as fasting plasma glucose 

(FPG) > 126 mg/dL (7 mmol/L) or being on treatment for 

diabetes. 

 

Diabetes mellitus type 1 

Criterion  Definition  

1. Overall diabetes mellitus type 1 Cases of DM that are on insulin or diagnosed with a biomarker 

(eg, c-peptide levels) that is not fasting plasma glucose 

 

2. Uncomplicated diabetes mellitus 

type 1 

Cases of DM that do not have any of the following 

complications: neuropathy, foot ulcer, leg amputation, or vision 

loss  
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3. Diabetic neuropathy among 

diabetes mellitus type 1 

Cases of DM that experience diagnosable neuropathy  

4. Diabetic foot due to neuropathy 

among diabetes mellitus type 1 

Cases of DM that currently have a foot ulcer  

5. Diabetic neuropathy and 

amputation with treatment among 

diabetes mellitus type 1 

Cases of DM that have had a leg amputation above or below the 

knee, with treatment consisting of a prosthetic limb  

6. Diabetic neuropathy and 

amputation without treatment 

among diabetes mellitus type 1 

Cases of DM that have had a leg amputation above or below the 

knee, with no prosthetic limb  

7. Moderate vision impairment due 

to diabetes mellitus type 1 

Cases of DM that have moderate vision loss due to diabetic 

retinopathy  

8. Severe vision impairment due to 

diabetes mellitus type 1 

Cases of DM that have severe vision loss due to diabetic 

retinopathy  

9. Blindness due to diabetes 

mellitus type 1 

Cases of DM that have blindness due to diabetic retinopathy  

 

Diabetes mellitus type 2 

Criterion  Definition  

1. Overall diabetes mellitus type 2 Cases of diabetes mellitus (DM) type 2 are not reported as type 

1 diabetes mellitus. 

2. Uncomplicated diabetes mellitus 

type 2 

Cases of DM type 2 that do not have any of the following 

complications: neuropathy, foot ulcer, leg amputation, or vision 

loss  

3. Diabetic neuropathy among 

diabetes mellitus type 2 

Cases of DM type 2 that experience diagnosable neuropathy  

4. Diabetic foot due to neuropathy 

among diabetes mellitus type 2 

Cases of DM type 2 that currently have a foot ulcer  

5. Diabetic neuropathy and 

amputation with treatment among 

diabetes mellitus type 2 

Cases of DM type 2 that have had a leg amputation above or 

below the knee, with treatment consisting of a prosthetic limb  

6. Diabetic neuropathy and 

amputation without treatment 

among diabetes mellitus type 2 

Cases of DM type 2 that have had a leg amputation above or 

below the knee, with no prosthetic limb  

7. Moderate vision impairment due 

to diabetes mellitus type 2 

Cases of DM type 2 that have moderate vision loss due to 

diabetic retinopathy  

8. Severe vision impairment due to 

diabetes mellitus type 2 

Cases of DM type 2 that have severe vision loss due to diabetic 

retinopathy  

9. Blindness due to diabetes 

mellitus type 2 

Cases of DM type 2 that have blindness due to diabetic 

retinopathy  
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Diabetes mellitus, diabetes mellitus type 1, diabetes mellitus type 2: 

Data seeking  

 

1. A systematic review of the literature was done for GBD 2017 with the following search terms:  

  

Diabetes Mellitus search string: (diabetes[TI] AND (prevalence[TIAB] OR incidence[TIAB])) OR ('Diabetes 

Mellitus'[MeSH Terms] AND 'epidemiology'[MeSH Terms]) OR (diabetes[TI] AND 'epidemiology'[MeSH 

Terms]) NOT gestational[All Fields] NOT ('neoplasms'[MeSH Terms] OR 'neoplasms'[All Fields] OR 

'cancer'[All Fields]) NOT ('mice'[MeSH Terms] OR 'mice'[All Fields]) NOT ('schizophrenia'[MeSH Terms] 

OR 'schizophrenia'[All Fields]) NOT ('emigrants and immigrants'[MeSH Terms] OR ('emigrants'[All Fields] 

AND 'immigrants'[All Fields]) OR 'emigrants and immigrants'[All Fields] OR 'immigrants'[All Fields]) NOT 

('pregnancy'[MeSH Terms] OR 'pregnancy'[All Fields] OR 'gestation'[All Fields]) NOT ('rats'[MeSH Terms] 

OR 'rats'[All Fields] OR 'rat'[All Fields]) NOT ('kidney'[MeSH Terms] OR 'kidney'[All Fields]) NOT renal[All 

Fields] NOT ('vitamins'[Pharmacological Action] OR 'vitamins'[MeSH Terms] OR 'vitamins'[All Fields] OR 

'vitamin'[All Fields])  

 

And 

 

FPG search string: ふふさｪﾉ┌IﾗゲWざぷMWゲｴへ O‘ さｴ┞ヮWヴｪﾉ┞IWﾏｷ;ざぷMWゲｴへ O‘ さヮヴWSｷ;HWデｷI ゲデ;デWざぷMWゲｴへぶ AND 
"Geographic Locations"[Mesh] NOT "United States"[Mesh]) AND ("humans"[Mesh] AND "adult"[MeSH]) 

AND ("Data Collection"[Mesh] OR "Health Services Research"[Mesh] OR "Population 

Surveillance"[Mesh] OR "Vital statistics"[Mesh] OR "Population"[Mesh] OR "Epidemiology"[Mesh] OR 

"surve*"[TiAb]) NOT Comment[ptyp] NOT Case Reports[ptyp]) NOT "hospital"[TiAb] 

 

 Search date: October 15, 2017 

  

The search took place for the following dates: 12/31/2016に 10/15/2017. The number of studies 

returned was 555, and the number of studies extracted was 58.  

  

2. We systematically searched the Global Health Data Exchange (GHDx) for multi-country survey 

programs, national surveys, and longitudinal studies that were tagged with either fasting plasma 

glucose (FPG) or diabetes mellitus. 

 

3. To capture any remaining sources not identified in the GHDx or in PubMed, we looked to other 

leaders in the field to ensure our datasets were as comprehensive as possible. These included data 

sources used by other research groups that report on the global burden of diabetes, microdata from 

not-yet-published national studies, and publications that were not captured in the PubMed search 

string. 
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Figure 1: PRISMA diagram of data sources used in GBD 2017 diabetes mellitus model 

 

 

Data inputs 

Overall diabetes mellitus 

Purpose: 

To incorporate all available data related to population-representative estimates of diabetes, we 

accepted other measures of blood sugar (glycated hemoglobin A1c, oral glucose tolerance test, post-

prandial glucose test) to define diabetes and mean fasting plasma glucose (FPG) in a population when 

data on diabetes were not available as data inputs. 

 

Data: 

1. Data inputs come from four types of sources: 

 Estimates of diabetes in a representative population 

 Estimates of mean FPG in a representative population 

 Individual-level data of fasting plasma glucose measured from surveys 

 MarketScan, which are insurance claims data from the United States 

 

When a study reported both mean fasting plasma glucose (FPG) and prevalence of diabetes, we used 

the prevalence of diabetes. Where possible, individual-level data from a cohort superseded any data 

described in a study. Individual-level data were collapsed and aggregated to produce estimates for each 

age group, sex, location, and year a survey is conducted. In addition, data from USA claims data for 2000 

and 2010に2014 by state and Taiwan claims data from 2016 were included. The table below shows the 

number of literature studies included in GBD 2017 for diabetes mellitus, as well as the number of 

countries or subnational units and GBD world regions represented. 

 

 

 

 

 

562



Overall diabetes mellitus 

 

 Incidence Relative risk Prevalence 

Site-years (total) 822 2 2340 

Number of countries with data 66 2 138 

Number of GBD regions with data (out of 21 regions) 13 2 21 

Number of GBD super-regions with data (out of 7 super-

regions) 5 2 7 

 

 

Diabetes type 1 

Purpose: 

To incorporate all available data related to population-representative estimates of type 1 diabetes 

mellitus, we accepted data that reported diabetes mellitus type 1, juvenile-onset diabetes, and insulin-

dependent diabetes.   

 

Data: 

Data inputs come from two types of sources: 

 Estimates of type 1 diabetes mellitus in a representative population 

 Diabetic registries 

 

Individual-level data were collapsed and aggregated to produce estimates for each age group, sex, 

location, and year a survey is conducted. In addition, data from USA claims data for 2000 and 2010に
2014 by state and Taiwan claims data from 2016 were included. The table below shows the number of 

literature studies included in GBD 2017 for type 1 diabetes mellitus, as well as the number of countries 

or subnational units and GBD world regions represented. 

 

Type 1 diabetes mellitus 

 

Incidence Standardised 

mortality ratio 

Prevalence 

Site-years (total) 1093 8 307 

Number of countries with data 68 3 2 

Number of GBD regions with data (out of 21 regions) 14 1 2 

Number of GBD super-regions with data (out of 7 super-

regions) 6 1 2 

 

Diabetes type 2 

Studies that reported type 2 diabetes mellitus were used in the overall diabetes mellitus model only.  

We did not directly model estimates of diabetes mellitus type 2 (please see Modeling strategy for more 

information). 
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Data processing 

Overall diabetes mellitus 

We perform several processing steps to the data in order to address sampling and measurement 

inconsistencies that will ensure the data are comparable across data sources and between high fasting 

plasma glucose modelling efforts. 

 

1. Small sample size: Estimates in a sex and age group with a sample size <30 persons were 

considered a small sample size. In order to avoid small sample size problems that may bias 

estimates, data were collapsed into the next age group in the same study until the sample size 

reached at least 30 persons. The intent of collapsing the data is to preserve as much granularity 

between age groups as possible. If the entire study sample consisted of <30 persons and did not 

include a population weight, the study was excluded from the modelling process.  

2. Time, age, and sex splitting 

 

a. Time: Prior to modelling in DisMod, any study period that spanned more than five years was 

duplicated.  

b. Age: Prior to modelling in DisMod, data provided in age groups wider than the GBD five-year 

age groups were split using the global age pattern of diabetes mellitus from data that were 

in age groups less than 20-year age groups. Uncertainty was propagated by multiplying the 

standard error of the data performed by the square root of the number of splits performed. 

c. Sex: Prior to modelling in DisMod, data that do not differentiate gender were split into male 

and female according to the global male to female ratio from data with sex-specific data. 

Uncertainty was propagated by multiplying the standard error of the data performed by the 

square root of the number of splits performed. 

 

3. Mean FPG processing: For more details on how data points on mean FPG were processed, 

please see the High Fasting Plasma Glucose capstone appendix in the GBD 2017 Risk Factors 

Capstone, Global, regional, and national comparative risk assessment of 84 behavioural, 

environmental and occupational, and metabolic risks or clusters of risks, 1990ʹ2017: a 

systematic analysis for the Global Burden of Disease Study 2017. 

 

4. Crosswalks 

1. Case definition 

We performed adjustments (crosswalks) to data points to standardise data to a reference 

definition: fasting plasma glucose (FPG) >126 mg/dL (7 mmol/L) or on treatment. 

a. Prevalence 

i. Single-component 

Single component case definitions consisted of diabetes defined based on the 

level of only one biomarker (eg, FPG, HbA1c). 

1. FPG 

We used an ensemble distribution to standardise the case definition of 

diabetes in surveys by estimating the prevalence of diabetes under different 

thresholds of FPG. We used individual-level measures of FPG in surveys of a 

representative population. This allowed us to capture the non-systematic 
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change in the proportion of population above different levels of FPG. We 

adjusted the data point by applying the ratio between FPG above 126 

mg/dL and the case-definition used in the study. For more details on the 

approach used in the ensemble distribution, please see the GBD 2017 Risk 

Factors Capstone, Global, regional, and national comparative risk 

assessment of 84 behavioural, environmental and occupational, and 

metabolic risks or clusters of risks, 1990ʹ2017: a systematic analysis for the 

Global Burden of Disease Study 2017. 

2. HbA1c 

We assumed that HbA1c >6.5% was equivalent to FPG >126 mg/dL.  

 

ii. Multi-component 

Multi-component case definition consisted of studies where more than one 

glucose test was used in the study to identify different segments of the 

population (eg, FPG and PPG).  

1. Multi-component that includes FPG >126 mg/dL 

Multi-component case definitions that consisted of FPG >126 mg/dL 

were assumed to be equivalent to the reference case definition FPG 

>126 mg/dL or treatment. 

 

2. Multi-component that does not include FPG >126 mg/dL 

Case definitions that did not include FPG >126 mg/dL were excluded 

from the model. 

 

b. Non-prevalence measure 

Data from studies with non-prevalence measures (eg, incidence, relative risk, excess 

mortality) were marked with the case definition and adjusted to the reference case 

definition within DisMod. 

 

2. MarketScan 

Data from MarketScan were included in the model, and a study-level covariate was included in 

the model to adjust them. These data points were adjusted to the reference case definition 

within DisMod. 

 

3. Estimate prevalence of diabetes from mean FPG 

We also used the ensemble distribution to estimate the prevalence of diabetes based on mean 

FPG in locations where data on prevalence of diabetes were not available. For more details on 

the approach used in the ensemble distribution, please see the GBD 2017 Risk Factors Capstone, 

Global, regional, and national comparative risk assessment of 84 behavioural, environmental 

and occupational, and metabolic risks or clusters of risks, 1990ʹ2017: a systematic analysis for 

the Global Burden of Disease Study 2017. 

 

Diabetes type 1 

Purpose: 
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To incorporate all available data related to population-representative estimates of diabetes type 1, we 

accepted data that reported diabetes mellitus type 1, juvenile-onset diabetes, and insulin-dependent 

diabetes.   

 

Crosswalks 

We reviewed the estimates from different iterations of the data source and determined that data 

sources could be grouped into three categories. We performed adjustments (crosswalks) of data in 

DisMod from sources that used a different case definition or ascertainment technique from the 

reference definition. The following list are the case definition/ascertainment methods. 

 

1. Sources that used non-glucose biomarker as part of their criteria. Examples included c-peptide, 

GAD, islet cell antibodies, ketosis. (reference case definition) 

2. Sources that used FPG or OGTT to identify cases. 

3. Sources that were capture-recapture. 

 

Modelling Strategy  

Overall diabetes mellitus 

For GBD 2017, we estimated the overall prevalence of diabetes using DisMod-MR 2.1, a Bayesian meta-

regression tool. DisMod-MR produces estimates of the prevalence of diabetes for each age, sex, 

geographic location, and year. We used data that reported prevalence, incidence, relative risk, and 

standardised mortality ratio for diabetes mellitus, diabetes mellitus type 1, and diabetes mellitus type 2. 

 

Model parameters and estimates 

• We set a value prior of 0 for remission for ages 0 to 14  

• We set a value prior of a maximum value of 0.01 for remission for ages 15 to 100  

• We set a value prior of a maximum value of 0.15 for excess mortality for all ages  

• We set a value prior of 0 for incidence for ages 0 to 1  

• We set a value prior of a maximum value of 0.1 for incidence for ages 1 to 100  

 

Study covariate  Parameter  beta  Exponentiated beta  

USA Claims data に 2000  Prevalence  
-0.72 (-0.77 to -0.66) 0.49 (0.46に0.52) 

USA Claims data に 

2010に2014 
Prevalence 

-0.43 (-0.48 to -0.38) 0.65 (0.62に0.68) 

Age-standardised 

prevalence of obesity  
Prevalence  

1.80 (1.58に1.99) 6.06 (4.84に7.32) 

Type 2 diabetes Prevalence  

-0.44 (-0.56 to -0.33) 0.64 (0.57に0.72) 

 

Comparison with other groups 
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Our estimate of the age-standardised global prevalence of diabetes is slightly higher than the estimates 

reported previously by the NCD Risk Factor Collaboration (NCD-RisC) and International Diabetes 

Federation (IDF) (NCD-Risc: http://www.sciencedirect.com/science/article/pii/S0140673616006188 IDF: 

https://www.idf.org/component/attachments/attachments.html?id=1093&task=download). IDF 

reported a prevalence for the year 2013 of 8.3% (7.2に11.3) at ages 20 to 80, compared to our estimate 

for 2017 of 8.9% (7.7に10.1) for the same age range. The NCD-RisC estimates of prevalence for ages over 

18 for the year 2014 were 9.0% (7.2に11.1) in males and 7.9% (6.7に9.7) in females, compared to our 

2017 estimates of 9.7% (8.4に11.0) for males and 8.9% (7.7に10.2) for females. Several factors can explain 

the difference in estimates. We include a greater number of data sources. We also define the whole 

distribution of fasting plasma glucose (FPG) and thus have a more accurate way of including surveys that 

report on FPG only in our diabetes disease model.  

 

Diabetes mellitus type 1 

For GBD 2017, we estimated the overall prevalence of diabetes using DisMod-MR 2.1, a Bayesian meta-

regression tool. We used data that reported incidence and standardised mortality ratio for diabetes 

mellitus type 1. 

 

Model parameters and estimates 

• We set a value prior of 0 for remission for all ages 

 

Study covariate  Parameter  beta  Exponentiated beta  

Proportion of livebirths in women 

35+ years  
Incidence  

2.00 (1.98に2.00) 7.36 (7.26に7.39) 

Capture-recapture Incidence  
-0.00086 (-0.053 to 0.045) 1.00 (0.95に1.05) 

FPG or OGTT testing Incidence 
0.12 (0.055に0.20) 1.13 (1.06に1.22) 

 

Diabetes type 2 

While we are confident that estimates of type 1 diabetes mellitus are more accurate because of the 

need for medical care and early onset, we are less confident in sources that describe studies as 

representing type 2 diabetes, particularly in adults. The diagnostic criteria in the methodological 

sections are not sufficiently specific to confidently identify the population as type 2 diabetics.  

Thus, we calculated estimates of diabetes mellitus type 2 by subtracting the estimates of diabetes 

mellitus type 1 from estimates overall diabetes mellitus for each age, sex, and location from 1990 to 

2017. We assumed that prevalence of diabetes mellitus type 2 could not occur before 10 years. 

 

Outcomes 

Data seeking 

Amputation due to diabetes mellitus  

 

A systematic review of the literature was performed for GBD 2017 with the following search terms:  
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ふけDiabetes MellitusげぷMW“H TWヴﾏゲへ O‘ ふけSｷ;HWデWゲげぷAﾉﾉ FｷWﾉSゲへ AND けﾏWﾉﾉｷデ┌ゲげぷAﾉﾉ FｷWﾉSゲへぶ O‘ けDiabetes 

MellitusげぷAﾉﾉ FｷWﾉSゲへぶ AND け;ﾏヮ┌デ;デｷﾗﾐげぷAﾉﾉ FｷWﾉSゲへ AND ふヮヴﾗヮﾗヴデｷﾗﾐ O‘ ヮヴW┗;ﾉWﾐIW O‘ ｷﾐIｷSWﾐIWぶ NOT 
gestational NOT cancer NOT mice NOT schizophrenia NOT immigrants NOT gestation NOT rat NOT 

kidney NOT renal NOT vitamin  

  

 Dates of search: 12/31/16-10/17/2017  

 Number of studies returned: 16  

 Number of studies extracted: 1 

  

The table below indicates the data inputs for the GBD 2017 estimation of amputation due to diabetes 

mellitus.  

  

 Incidence Other Prevalence 

Site-years (total) 66 6 29 

Number of countries with data 15 5 22 

Number of GBD regions with data (out of 21 regions) 7 5 10 

Number of GBD super-regions with data (out of 7 super-

regions) 4 4 5 

  

Diabetic neuropathy  

 

A systematic review of the literature was performed for GBD 2017 with the following search terms:   

 

ふさDiabetes MellitusざぷMW“H TWヴﾏゲへ O‘ ふさSｷ;HWデWゲざぷAﾉﾉ FｷWﾉSゲへ AND さﾏWﾉﾉｷデ┌ゲざぷAﾉﾉ FｷWﾉSゲへぶ O‘ さDiabetes 

MellitusざぷAﾉﾉ FｷWﾉSゲへぶ AND ﾐW┌ヴﾗヮ;デｴ┞ぷAﾉﾉ FｷWﾉSゲへ AND ふヮヴﾗヮﾗヴデｷﾗﾐ O‘ ヮヴW┗;ﾉWﾐIW O‘ ｷﾐIｷSWﾐIWぶ NOT 
gestational NOT cancer NOT mice NOT schizophrenia NOT immigrants NOT gestation NOT rat NOT 

kidney NOT renal NOT vitamin  

  

 Dates: 12/31/16-10/17/2017 

 Number of studies returned: 170 

 Number of studies extracted: 1 

  

The table below illustrates the model inputs for the GBD 2017 estimation process:  

  

 Proportion 

Site-years (total) 87 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-

regions) 7 

  

Diabetic foot ulcer  

 

A systematic review of the literature was performed for GBD 2017 with the following search terms:  
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((("Diabetes Mellitus"[MeSH Terms] OR ("diabetes"[All Fields] AND "mellitus"[All Fields]) OR "Diabetes 

Mellitus"[All Fields] OR "diabetes"[All Fields]) AND ("foot"[MeSH Terms] OR "foot"[All Fields]) AND 

("ulcer"[MeSH Terms] OR "ulcer"[All Fields])) NOT ("neoplasms"[MeSH Terms] OR "neoplasms"[All 

Fields] OR "cancer"[All Fields]) NOT ("mice"[MeSH Terms] OR "mice"[All Fields]) NOT ("emigrants and 

immigrants"[MeSH Terms] OR ("emigrants"[All Fields] AND "immigrants"[All Fields]) OR "emigrants and 

immigrants"[All Fields] OR "immigrants"[All Fields]) NOT ("pregnancy"[MeSH Terms] OR "pregnancy"[All 

Fields] OR "gestation"[All Fields]) NOT ("vitamins"[Pharmacological Action] OR "vitamins"[MeSH Terms] 

OR "vitamins"[All Fields] OR "vitamin"[All Fields]) NOT renal[All Fields] NOT ("kidney"[MeSH Terms] OR 

"kidney"[All Fields]) AND (proportion[All Fields] OR "incidence"[All Fields] OR "prevalence"[All Fields]) 

NOT ("schizophrenia"[MeSH Terms] OR "schizophrenia"[All Fields]) NOT ("rats"[MeSH Terms] OR 

"rats"[All Fields] OR "rat"[All Fields])) 

  

 Dates: 12/31/16-10/17/2017 

 Number of studies returned: 48 

 Number of studies extracted: 0  

  

The table below illustrates the data inputs used for the GBD 2017 modelling process.  

  

 Proportion 

Site-years (total) 29 

Number of countries with data 21 

Number of GBD regions with data (out of 21 regions) 8 

Number of GBD super-regions with data (out of 7 super-

regions) 6 

  

Modelling strategy   

For GBD 2017, we estimated amputation due to diabetes mellitus, diabetic neuropathy, and diabetic 

foot ulcer for diabetes mellitus type 1 and diabetes mellitus type 2 using DisMod-MR 2.1, a Bayesian 

meta-regression tool. DisMod-MR produces estimates of the prevalence of diabetes for each age, sex, 

geographic location, and year. We then multiply all proportion draws from neuropathy/foot 

ulcer/amputation models by the parent diabetes model so that all estimates are in the same 

ヮﾗヮ┌ﾉ;デｷﾗﾐどゲヮ;IWく  
  

Next, we ensure that at least 10% of diabetes cases are uncomplicated for all draws. We ensure that the 

sum of the prevalence for neuropathy due to diabetes mellitus, moderate vision loss1 due to diabetes 

mellitus, severe vision loss due to diabetes mellitus, and blindness due to diabetes mellitus does not 

exceed 90% of the prevalence of all diabetes mellitus. If the sum exceeds 90% then we rescale the 

individual outcomes to ensure that the sum does not exceed 90%.  

 

Then, we ensure that at least 10% of diabetic neuropathy cases do not have foot ulcer or amputation for 

all draws. We perform the same check to ensure that the prevalence of amputation due to diabetes 

                                                           
1 Moderate vision loss due to diabetes mellitus, severe vision loss due to diabetes mellitus, and blindness due to 

diabetes mellitus are obtained from vision loss impairment 
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mellitus and prevalence of foot ulcer due to diabetes mellitus does not exceed 90% of the prevalence of 

neuropathy due to Diabetes mellitus. If the sum exceeds 90% then we rescale the individual outcomes 

to ensure that the sum does not exceed 90%. This treats foot ulcer and amputation as mutually 

exclusive categories by assuming a patient will not have both simultaneously.  

  

From here, we calculate uncomplicated diabetes as the remainder of diabetes cases exclusive of 

neuropathy and vision loss. In addition, we estimate the prevalence of amputation due to diabetes is 

split into with and without treatment using scaled health systems access (HSA) values. For diabetic 

amputation, we calculated a distribution of treated versus untreated amputation, defined as receiving a 

prosthetic or not. We first rescaled the IHME HSA estimates to be between 0 and 0.9, under the 

assumption that 10% of amputees will not receive a prosthetic, even in high-income countries. We 

based this assumption on the retrospective study by Moore and colleagues, which found that about 80% 

of patients following major lower extremity amputation were fitteS ┘ｷデｴ ヮヴﾗゲデｴWゲWゲ ｷﾐ デｴW ;┌デｴﾗヴゲげ 
ｷﾐゲデｷデ┌デｷﾗﾐゲ aヴﾗﾏ ヱΓΑΒ デﾗ ヱΓΒヶ ｷﾐ デｴW U“Aく WW デｴWﾐ ヮWヴaﾗヴﾏWS ; ヮﾗヮ┌ﾉ;デｷﾗﾐど┘WｷｪｴデWS ;┗Wヴ;ｪW ﾗa デｴｷゲ 
Iﾗ┌ﾐデヴ┞どゲヮWIｷaｷI ┗;ﾉ┌W デﾗ ﾗHデ;ｷﾐ ; ヮヴﾗ┝┞ aﾗヴ デｴW ヮヴﾗヮﾗヴデｷﾗﾐ ﾗa ;ﾏヮ┌デWWゲ デｴ;デ ヴWIWｷ┗W ; ヮヴﾗゲデｴWデｷI H┞ 
super-region. Because these are rough estimates based on large assumptions, we applied confidence 

ｷﾐデWヴ┗;ﾉゲ ﾗa Щっど ヵヰХ ﾗa デｴW ┗;ﾉ┌W デﾗ ヴWaﾉWIデ ﾗ┌ヴ ┌ﾐIWヴデ;ｷﾐデ┞く  
 

Model parameters and estimates 

 

Amputation due to diabetes  

• We set a value prior of 0 for incidence for ages 0 to 15  

• We set a value prior of 0 for remission for all ages  

• We crosswalked the incidence of either above- or below-knee amputation only to the 

incidence of all amputations  

 

DisMod model 

  

 Parameter  beta  Exponentiated beta  

Above-knee amputation only  Incidence  -0.31 ( -0.55 to -0.065) 0.74 (0.58に0.94) 

Below-knee amputation only  Incidence  -0.41 ( -0.69 to -0.12) 0.66 (0.50に0.88) 

  

Diabetic neuropathy  

• We set a value prior on the proportion of 0 from ages 0 to 1  

• We crosswalked data from studies using alternate diagnostic criteria using as reference 

studies which used the monofilament test as their diagnostic criteria  

 

DisMod model 

 

Study covariate  Parameter  Beta  Exponentiated beta  

Diagnostic vibration perception 

threshold test  

Proportion  -0.037 (-0.11 to 

0.031) 

0.96 (0.90に1.03) 

Diagnostic method に nerve conduction 

velocity  

Proportion  0.11 (0.040に0.19) 1.12 (1.04に1.21) 
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Diagnostic method に clinical exam only  Proportion  -0.16 (-0.22 to -

0.088) 

0.85 (0.80に0.92) 

Diagnostic validated neuropathy scoring  Proportion  0.052 (-0.00041 to 

0.10) 

1.05 (1.00に1.11) 

  

Diabetic foot ulcer  

• We set a value prior on the proportion of 0 from ages 0 to 10.  

• We crosswalked data from studies investigating hospitalised patients only using as 

reference studies which captured all diabetic foot ulcers.  

 

DisMod model 

 

Study covariate  Parameter  beta  Exponentiated beta  

Hospital data  Proportion  0.018 (-0.25 to 0.24) 1.02 (0.78に1.27) 

Healthcare Access and 

Quality index 

Proportion -0.0058 (-0.013 to 

0.0024) 

0.99 (0.99に1.00) 

  

Severity split inputs  

Severity splits and disability weights were determined by the GBD disability weight survey assessment 

for diabetes mellitus. The table below illustrates the severity levels, lay descriptions, and associated 

disability weights applicable for outcomes related to diabetes mellitus type 1 and diabetes mellitus type 

2:  

  

Severity level  Lay description  DW (95% CI)  

Uncomplicated diabetes mellitus  Has a chronic disease that 

requires medication every day 

and causes some worry, but 

minimal interference with daily 

activities. 

0.049 (0.031に0.072)  

Diabetic neuropathy  Has pain, tingling, and 

numbness in the arms, legs, 

hands, and feet. The person 

sometimes gets cramps and 

muscle weakness.  

0.133 (0.089に0.187)  

Diabetic neuropathy with 

diabetic foot  

Has a sore on the foot that is  

swollen and causes some 

difficulty in walking.  

a 

Diabetic neuropathy with 

treated amputation  

Has lost part of one leg, leaving 

pain and tingling in the stump. 

The person has an artificial leg 

that helps in moving around.  

a 
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Diabetic neuropathy with 

untreated amputation  

Has lost part of one leg, leaving 

pain and tingling in the stump. 

The person does not have an 

artificial leg, has frequent sores, 

and uses crutches.  

a 

Moderate vision loss due to 

diabetes mellitus  

Has vision problems that make it 

difficult to recognize faces or 

objects across a room.  

0.031 (0.019に0.049)  

Severe vision loss due to 

diabetes mellitus  

Has severe vision loss, which 

causes difficulty in daily 

activities, some emotional 

impact (for example worry), and 

some difficulty going outside the 

home without assistance. 

0.184 (0.125に0.259)  

Blindness due to diabetes 

mellitus  

Is completely blind, which 

causes great difficulty in some 

daily activities, worry and 

anxiety, and great difficulty 

going outside the home without 

assistance.  

0.187 (0.124に0.26)  

a The disability weights are produced from a combination of two health states: neuropathy and diabetic 

foot/amputation 
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Case definition 

Chronic kidney disease (CKD) is defined as a permanent loss of renal function as indicated by estimated 

glomerular filtration rate (eGFR) and urinary albumin to creatinine ratio (ACR). The GBD study considers 

six stages of CKD as defined by degree of loss of renal function or receipt of renal replacement therapy: 

Albuminuria (eGFR > 60ml/min/1.73m2 and ACR > 30 mg/g), CKD Stage III (eGFR 30-60ml/min/1.73m2), 

CKD Stage IV (eGFR 15-30ml/min/1.73m2), CKD Stage V (eGFR <15ml/min/1.73m2, not on renal 

replacement therapy), maintenance dialysis, and renal transplantation.1 The ICD-10 codes associated with 

CKD include N18.1-N18.9. 

Input data 

Model inputs 

For GBD 2010, a systematic review of the prevalence of CKD throughout the world was conducted. This 

search was updated for GBD 2013, GBD 2015, and GBD 2016. For GBD 2017, this literature search was 

repeated using PubMed search terms ((((("chronic kidney disease"[Title/Abstract]) AND 

prevalen*[Title/Abstract]) AND ("1980/1/1"[Date - Publication] : "3000"[Date - Publication])) NOT 

((animals[MeSH] NOT humans[MeSH])))).  
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 The exclusion criteria were: 

1. Studies clearly not representative of the national population 

2. Studies that did not provide primary data on epidemiological parameters, eg, a 

commentary piece 

3. Studies of a specific aetiology of CKD 

 

This literature search was augmented by identification of population-based surveys that measured renal 

function. For maintenance dialysis and renal transplantation, data were largely obtained from renal 

registry reports. 

 

The tables below show the geographical coverage of data by measure in GBD 2017.  

Stages III-V 

  Incidence Prevalence 

Site-years (total) 3 222 

Number of countries with data 3 59 

Number of GBD regions with data (out of 21 regions) 3 20 

Number of GBD super-regions with data (out of 7 super-regions) 2 7 

 

Stage III 

  Incidence Prevalence 

Site-years (total) 1 180 

Number of countries with data 1 54 

Number of GBD regions with data (out of 21 regions) 1 19 

Number of GBD super-regions with data (out of 7 super-regions) 1 7 

 

Stage IV 

  Incidence Prevalence 

Site-years (total) 1 145 

Number of countries with data 1 49 

Number of GBD regions with data (out of 21 regions) 1 19 

Number of GBD super-regions with data (out of 7 super-regions) 1 7 

 

Stage V 

  Incidence Prevalence 

Site-years (total) 1 141 

Number of countries with data 1 49 

Number of GBD regions with data (out of 21 regions) 1 18 

Number of GBD super-regions with data (out of 7 super-regions) 1 7 
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End-stage renal disease after transplant 

  Incidence Prevalence 

Site-years (total) 2363 1525 

Number of countries with data 82 88 

Number of GBD regions with data (out of 21 regions) 16 19 

Number of GBD super-regions with data (out of 7 super-regions) 6 7 

 

End-stage renal disease on dialysis  

  

Excess 

mortality rate 

Incidence Prevalence 

Site-years (total) 55 1484 2592 

Number of countries with data 13 69 109 

Number of GBD regions with data (out of 21 regions) 1 15 20 

Number of GBD super-regions with data (out of 7 super-regions) 1 6 7 

 

Severity splits & disability weights 

Estimates of prevalence and incidence are split using CKD aetiology proportion models, resulting in CKD 

estimates by stage and aetiology. Then a portion of each aetiology split for CKD stages III, IV, and V is 

attributed a disability weight associated with mild, moderate, or severe anaemia.2  

Severity level Lay description Disability weight 

(95% CI) 

Albuminuria Asymptomatic -- 

CKD stage III without 

anaemia 

Asymptomatic -- 

CKD stage III with mild 

anaemia 

Feels slightly tired and weak at times, but this does not 

interfere with normal daily activities. 

0.004 

(0.001に0.008) 

CKD stage III with 

moderate anaemia 

Feels moderate fatigue, weakness, and shortness of breath 

after exercise, making daily activities more difficult. 

0.052 

(0.034に0.076) 

CKD stage III with 

severe anaemia 

Feels very weak, tired, and short of breath, and has 

problems with activities that require physical effort or deep 

concentration. 

0.149 

(0.101に0.21) 

CKD stage IV without 

anaemia 

Tires easily, has nausea, reduced appetite, and difficulty 

sleeping. 

0.104 

(0.07に0.147) 

CKD stage IV with mild 

anaemia 

 0.108 

(0.072に0.151) 

CKD stage IV with 

moderate anaemia 

 0.15 

(0.103に0.207) 

CKD stage IV with 

severe anaemia 

 0.237 

(0.165に0.324) 

CKD stage V without 

anaemia 

Has lost a lot of weight and has constant pain. The person 

has no appetite, feels nauseated, and needs to spend most 

of the day in bed. 

0.569 

(0.389に0.727) 
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CKD stage V with mild 

anaemia 

 0.570 

(0.391に0.727) 

CKD stage V with 

moderate anaemia 

 0.591 

(0.414に0.743) 

CKD stage V with 

severe anaemia 

 0.631 

(0.456に0.782) 

End-stage renal 

disease, on dialysis 

Is tired and has itching, cramps, headache, joint pains, and 

shortness of breath. The person needs intensive medical 

care every other day lasting about half a day. 

0.571 

(0.397に0.725) 

End-stage renal 

disease, with kidney 

transplant 

Sometimes feels tired and down, and has some difficulty 

with daily activities. 

0.024 

(0.014に0.039) 

 

Aetiology proportion models are informed by data from end-stage kidney disease registries and the 

Geisinger Health System in Pennsylvania provided by the Chronic Kidney Disease Prognosis Consortium 

(CKDPC) at the Johns Hopkins Bloomberg School of Public Health. Aetiologies included in the GBD study 

include diabetes mellitus type 1, diabetes mellitus type 2, hypertension, glomerulonephritis, and other 

and unknown causes.  

Modelling strategy 
CKD Stage Models 

We ran a DisMod-MR 2.1 model to produce estimates by age, sex, year, and country for each stage of 

CKD. To account for progression of individuals from stage III to stage IV, and stage IV to stage V, we 

informed remission for stages III and IV. Remission data for stage IV were calculated as the ratio of the 

incidence of stage V and prevalence of stage IV at the gender-, age-, and country-matched level. 

Remission data for stage III were calculated as the ratio of resulting stage IV incidence and stage III 

prevalence at the gender-, age-, and country-matched level. Remission was set to 0 for stage V and the 

excess mortality parameter was used to account for progression to end-stage renal disease and mortality 

due to CKD stage V. Bounds on excess mortality were informed using a meta-analysis of survival analyses 

of individuals with untreated CKD stage V.  

We used data from sources reporting the prevalence of stage III, IV, and V CKD combined (eGFR < 60 

ml/min/1.73m2) to model the prevalence of stage III-V CKD. We ran a DisMod-MR 2.1 model to produce 

estimates by age, sex, year, and country for aggregate stage III-V CKD. We used the function in DisMod-

MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our chronic kidney disease CODEm and 

CODcorrect analyses and match them with prevalence data points for the same geography and study year 

to estimate priors on excess mortality rates (by dividing CSMR by prevalence). In order to enforce more 

consistency between stage models, prevalence of CKD stage III, IV, and V were then scaled to sum to the 

prevalence and incidence of the stage III-V CKD model, at the gender-, age-, and country-matched level.   

A description of priors and covariates included in each model can be found in the table below:  

 

 Priors (min,max) Study-level covariate Country-level covariate 
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CKD stage III Remission (0, 0.75) 

Excess mortality (0, 0.05) 

Adjust for estimating 

equation  

Diabetes age-standardised 

prevalence  

Mean systolic blood pressure  

CKD stage IV Remission (0, 0.75) 

Excess mortality (0, 0.05) 

Adjust for estimating 

equation 

Diabetes age-standardised 

prevalence  

Mean systolic blood pressure  

CKD stage V Remission (0, 0) 

Incidence (0, 0.001), age 0-20 

Excess mortality (0.29, 0.54) 

Adjust for estimating 

equation 

Diabetes age-standardised 

prevalence  

Mean systolic blood pressure  

CKD stage 

III-V  

Remission (0, 0) 

Excess mortality (0, 0.54) 

Adjust for estimating 

equation 

Diabetes age-standardised 

prevalence  

Mean systolic blood pressure  

 

We crosswalked data reporting glomerular filtration rate (GFR) estimated with the Modification of Diet in 

Renal Disease (MDRD) equation to data reported using the CKD-Epi equation as our reference. GFR 

reported for children was estimated using the Schwartz equation as the reference among the paediatric 

population. Bounds on the MDRD-CKD-Epi crosswalk were informed using a meta-analysis of studies 

reporting prevalence of CKD by stage using both the MDRD and CKD-Epi equations. Betas and 

exponentiated values for this crosswalk are shown in the table below: 

 

 Study covariate Parameter beta Exponentiated beta 

Stage III eGFR calculated with 

MDRD equation 

Prevalence 0.27 (0.26に0.28) 1.31 (1.30に1.32) 

Stage IV eGFR calculated with 

MDRD equation 

Prevalence -0.011 (-0.026 to 0.011) 0.99 (0.97に1.01) 

Stage V  eGFR calculated with 

MDRD equation 

Prevalence -0.091 (-0.14 to -0.034) 0.91 (0.87に0.97) 

Stage III-V eGFR calculated with 

MDRD equation 

Prevalence 0.24 (0.23に0.25) 1.27 (1.26に1.28) 

 

In order to obtain an appropriate age-pattern with which to age-split dialysis input data, we first ran a 

DisMod-MR 2.1 model containing only age-specific dialysis data. We then used age-pattern by super-

region from this model to age-split dialysis input data, thereby allowing for variation in the age-pattern by 

location. After age-splitting, we ran a model on all processed data, including age-split data and age-

specific data, to obtain final estimates of dialysis incidence and prevalence by location, year, age, and sex. 

Remission data for dialysis were calculated as the ratio of the incidence of renal transplantation to 

prevalence of dialysis at the gender-, age-, and country-matched level.  

 

Given the paucity of age-specific data on renal transplantation, we did not age-split input data for this 

model. Socio-demographic Index was used as a covariate on incidence. Betas and exponentiated values 

for SDI are as follows:  

 

 Study covariate Parameter beta Exponentiated beta 
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ESRD 

Transplant 

Socio-demographic 

Index 

Incidence 1.78 (1.13に2.00) 5.91 (3.08に7.38) 

 

CKD aetiology proportion models 

For GBD 2017 we implemented stage-specific aetiology splits to allow for differential aetiologic 

composition of CKD across stages for disease progression. In order to obtain age-sex-stage-specific 

aetiology proportions, we utilised data from the Geisinger Health System in Pennsylvania to identify 

patients with CKD. Analysis of this dataset was conducted by the CKDPC. For each individual with CKD, we 

scanned their history of recorded ICD codes to identify ICD codes for primary renal diseases. We used this 

information to map individuals to GBD aetiologies by stage of CKD; individuals with CKD but with no 

history of a primary renal disease ICD code were classified as having CKD of unknown aetiology. We ran a 

multinomial logistic regression including sex and a non-linear term for age to predict the probability of 

each aetiology by age and sex for each stage of CKD (albuminuria, stage 3 CKD, and stage 4/5 CKD 

combined). For each stage, aetiology, age, and sex, we converted this probability into the proportion of 

CKD due to the given aetiology, and applied these proportions to the prevalence of CKD for the same 

stage, age, and sex category to estimate the prevalence of each stage of CKD by aetiology, age, and sex. 

The ICD to GBD aetiology map utilised in this analysis is as follows:  

CKD Aetiology ICD 9 Codes ICD 10 Codes 

Type 1 diabetes 250.41, 250.43 E10.2, E10.21, E10.22, E10.29 

Type 2 diabetes 250.40, 250.42 E11.2, E11.21, E11.22, E11.29 

Glomerulonephritis 

581, 581.0, 581.1, 581.2, 581.3, 

581.8, 581.81, 581.89, 581.9, 582, 

582.0, 582.1, 582.2, 582.4, 582.8, 

582.81, 582.89, 582.9, 583, 583.0, 

583.1, 583.2, 583.4, 583.6, 583.7, 

583.8, 583.81, 583.89, 583.9 

N02, N02.0, N02.1, N02.2, N02.3, N02.4, 

N02.5, N02.6, N02.7, N02.8, N02.9, N03, 

N03.0, N03.1, N03.2, N03.3, N03.4, N03.5, 

N03.6, N03.7, N03.8, N03.9, N04, N04.0, 

N04.1, N04.2, N04.3, N04.4, N04.5, N04.6, 

N04.7, N04.8, N04.9, N05, N05.0, N05.1, 

N05.2, N05.3, N05.4, N05.5, N05.6, N05.7, 

N05.8, N05.9, N06, N06.0, N06.1, N06.2, 

N06.3, N06.4, N06.5, N06.6, N06.7, N06.8, 

N06.9 

Hypertension 

403, 403.0, 403.00, 403.01, 403.1, 

403.10, 403.11, 403.6, 403.9, 

403.90, 403.91, 404, 404.0, 

404.00, 404.01, 404.02, 404.03, 

404.1, 404.10, 404.11, 404.12, 

404.13, 404.9, 404.90, 404.91, 

404.92, 404.93 

I12, I12.0, I12.1, I12.2, I12.9, I13, I13.0, 

I13.1, I13.10, I13.11, I13.2, I13.9 
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Other 

589, 589.0, 589.1, 589.9, 753.0, 

753.1, 753.10, 753.11, 753.12, 

753.13, 753.14, 753.15, 753.16, 

753.17, 753.19, 753.2, 753.20, 

753.21, 753.22, 753.23, 753.29, 

753.3, 283.11, 710.0, 753.0, 

753.21, 753.22, 753.29 

N07, N07.0, N07.1, N07.2, N07.3, N07.4, 

N07.5, N07.6, N07.7, N07.8, N07.9, N08, 

N08.0, N08.1, N08.2, N08.3, N08.4, N08.5, 

N08.8, N15.0, Q61, Q61.0, Q61.00, Q61.01, 

Q61.02, Q61.1, Q61.11, Q61.19, Q61.2, 

Q61.3, Q61.4, Q61.5, Q61.8, Q61.9, Q62, 

Q62.0, Q62.1, Q62.10, Q62.11, Q62.12, 

Q62.2, Q62.3, Q62.31, Q62.32, Q62.39, 

Q62.4, Q62.5, Q62.6, Q62.60, Q62.61, 

Q62.62, Q62.63, Q62.69, Q62.7, Q62.8, 

D59.3, M31.31, M32.14, M32.15, N11.9, 

N13.70, N13.8, Q60.2, Q63.8, N14.0, N14.1, 

N14.3, N25.89, N26.9, N28.0 

 

 

In order to maintain consistency between GBD estimates of type 1 diabetes prevalence estimates and 

CKD due to type 1 diabetes prevalence estimates and generalize the results of the Geisiger analysis to all 

locations, we performed a location-specific correction for the proportion of CKD due to type 1 and type 2 

diabetes, as type 1 diabetes makes up a much larger proportion of total diabetes in the United States 

than it does in other locations. For each diabetic subtype (e) for a given location (l), age (a), and sex (g) 

the ratio of subtype-specific diabetes prevalence to total diabetes prevalence (r) is calculated as: 堅勅┸鎮┸銚┸直 噺 喧堅結懸欠健結券潔結勅┸鎮┸銚┸直喧堅結懸欠健結券潔結鳥陳怠┸鎮┸銚┸直 髪 喧堅結懸欠健結券潔結鳥陳態┸鎮┸銚┸直 

Where e represents either type 1 or type 2 diabetes, dm1 represents type 1 diabetes, and dm2 

represents type 2 diabetes.  

This ratio is used to adjust the proportion of CKD due to a given diabetic subtype (p) for a given CKD stage 

(s), l, a, and g by scaling the predicted proportion of CKD due to that subtype (k) by the ratio of total DM 

due to e in l to the ratio of total DM due to e in the United States (USA).    喧鎚┸勅┸鎮┸銚┸直 噺 倦鎚┸銚┸直 抜 堅勅┸鎮┸銚┸鎚堅勅┸腸聴凋┸銚┸鎚 

The stage-specific approach utilised to estimate the prevalence albuminuria, stage 3, 4, and 5 CKD Is 

limited by the use of data from a single geographic region.  

 

For end-stage renal disease on dialysis and end-stage renal disease after transplant, we ran DisMod-MR 

2.1 models to obtain estimates of proportions for each subtype by location, year, age, and sex. Data for 

CKD due to overall DM were more widely available than data by type of DM. Models for the proportion of 

CKD due to hypertension and diabetes included covariates for mean systolic blood pressure and the age-

standardised prevalence of diabetes, respectively. Coefficient values from these models are as follows:  
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Model Covariate Value  Exponentiated 

CKD proportion due 

to diabetes mellitus 

Diabetes age-

standardised prevalence  

0.72 (0.66に0.78)  2.05 (1.93に2.18) 

CKD proportion due 

to hypertension 

Mean systolic blood 

pressure  

 0.034 (0.00076に0.12) 1.03 (1.00に1.13) 

 

In order to make use of all available data, we modelled the proportion of CKD due to overall DM, DM type 

1, and DM type 2. Proportion of CKD due to DM type 1 and DM type 2 were then scaled to sum to the 

proportion of overall DM at the gender, age, and country-matched level. The results from all subtype-

specific models were adjusted so that estimates across the subtypes equaled 1 at each of 1,000 draws. 

These adjusted proportions were applied to the DisMod models for dialysis and transplant to obtain 

estimates of each of these entities by aetiology.  

 

Major changes to the chronic kidney disease estimation process for GBD 2017 include addition of 

albuminuria as a sequela of chronic kidney disease as well as updated aetiological attribution of CKD to 

diabetes mellitus type 1 and diabetes mellitus type 2 instead of the combined category of all diabetes 

mellitus, and implementation of a stage-specific aetiology estimation method to capture differences in 

CKD severity by aetiology.  
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Case Definition 

Acute glomerulonephritis (AG) (or post-infectious glomerulonephritis) is an acute episode of haematuria, 

oedema, hypertension, and acute kidney injury that typically follows infection with specific strains of 

group A beta-hemolytic Streptococcus. As used in the GBD study, this term is synonymous with post-

streptococcal or post-staphylococcal glomerulonephritis. This disease is typically seen in children but can 

demonstrate a bimodal distribution as early life immunity wanes within older years. ICD codes include 

N00, N00.0, N00.1, N00.2, N00.3, N00.4, N00.5, N00.6, N00.7, N00.8, N00.9, N01, N01.1, N01.2, N01.3, 

N01.4, N01.5, N01.6, N01.7, N01.8, and N01.9. 

Input data 
 Model inputs 

For GBD 2010, a systematic review of the prevalence of AG throughout the world was conducted. This 

search was updated for GBD 2013, 2015, and  2016. The PubMed search was conducted using the 

following search terms: (Acute Glomerulonephritis [Title/Abstract] OR GN [Title/Abstract]) AND 

(Prevalen*[Title/Abstract] OR Inciden*[Title/Abstract]) AND ("2015/01/01"[PDAT] : "3000"[PDAT]) AND 

"humans"[MeSH Terms]. 

 The exclusion criteria were: 

1. Studies clearly not representative of the national population 

2. Studies that did not provide primary data on epidemiological parameters, eg, a 

commentary piece 

3. Studies that describe non-infectious glomerulonephritis epidemiology 
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The most recent literature source dates from 2013. Twenty-one articles have been included in total.  

Claims data for the USA, Philippines, Taiwan, and New Zealand were included. Hospital inpatient data 

were also included. Inpatient data points with an age-standardised incidence rate greater than 1.5 

median absolute deviations from the median of the age-standardised incidence rate for all inpatient data 

were marked as outliers and excluded from analysis.  

The table below shows the geographical coverage for AG in GBD 2017. 

  Incidence 

Site-years (total) 1336 

Number of countries with data 47 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

 Severity split & disability weight 

The basis of the GBD disability weight assessment is lay descriptions of sequelae highlighting major 

functional consequences and symptoms. Disability weighting (DW) for AG associates with systemic 

symptoms of fever, aches, weakness, and some difficulty with daily activities. The lay description and 

disability weight for acute glomerulonephritis are shown below. 

Cause Lay description DW (95% CI) 

Acute glomerulonephritis Has a fever and aches, and feels weak, which 

causes some difficulty with daily activities. 

0.051 

(0.032に0.074) 

 

Modelling strategy 

We ran a DisMod-MR 2.1 model to produce estimates by age, sex, year, and country. Prior settings in the 

DisMod model included setting remission of three to four weeks. It was assumed that no one was born 

with AG. 

We applied a crosswalk to USA claims data from the year 2000 to USA claims data for 2010に2014 in order 

to adjust for the smaller sample included in the 2000 data. Inpatient data were adjusted to account for 

multiple admissions and multiple diagnoses, based on data from New Zealand, MarketScan, the 

Philippines, and Taiwan. Inpatient data were crosswalked to claims data in DisMod. We used the function 

in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our CODEm and CODcorrect 

analyses and match them with incidence data points for the same geography and study year to estimate 

priors on excess mortality rates (by dividing CSMR by incidence). 

We included the covariate lagged distributed income (LDI) as a country-level covariate to inform excess 

mortality, with bounds of -0.5, -0.1.  

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the table below: 
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Covariate Parameter beta Exponentiated beta 

MarketScan data に 2000 Incidence -0.0.058 (-0.08 to -0.039) 0.94 (0.92に0.96) 

Hospital data  Incidence -0.49 (-0.56 to -0.47) 0.61 (0.57に0.63) 

 

Compared to GBD 2016, changes include inclusion of inpatient data from a greater number of 

geographies.  
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Dermatitis 

Flowcharts for Atopic dermatitis, Contact dermatitis, & Seborrheic dermatitis 
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Case definition 

Dermatitis, or eczema, refers to inflammation of the dermal layer of the skin, with disruption of the epidermal 

barrier. This inflammation leads to rashes that are commonly red, scaly, or flaky. Atopic dermatitis is a relapsing 

dermatitis associated with elevated serum immunoglobulin E and some degree of immune dysregulation; it can 

be localised or widespread and is commonly characterised by itching that can be extreme (ICD-10: L20). Contact 

dermatitis is a localised dermatitis caused by direct contact with allergens or irritants; it can be asymptomatic or 

characterised by itching, stinging or pain (ICD: 10: L22-26). Seborrhoeic dermatitis is a dermatitis affecting the 

sebaceous-gland-rich areas of skin, and may be itchy (ICD-10: L21). We estimate burden separately for atopic 

dermatitis, contact dermatitis, and seborrhoeic dermatitis in order to accommodate differences in the 

epidemiology and burden between these subtypes. 

Input data 

Model inputs 

Data for dermatitis came from scientific literature and claims submitted for individuals to USA commercial 

insurance. The seborrhoeic dermatitis model additionally incorporated data from a primary database in Norway 

and from claims in Taiwan. A literature review was conducted in GBD 2016 for studies of the incidence and 

prevalence of dermatitis, the details of which are described in the appendix to GBD 2016, and the results of this 

review were used in GBD 2017. Inpatient data were regarded as inappropriate for this chronic, non-fatal condition 

that is primarily cared for in non-acute settings. Data from the Medical Expenditure Panel Survey (MEPS) in the 

United States in 2000に2009 (2) were included to inform the age pattern of the prevalence output. Data from the 

NHANES study and the NHIS study (both from the USA) were not extracted, as questions regarding dermatitis 

were too broad (ie, asked whether a respondent had experienced eczema or any other rash). The data for 

dermatitis were expanded based on recommendations of research articles and reviews by the skin expert group.  

Data from outpatient encounters in the United States and Sweden were considered for inclusion but were found 

to violate established age patterns and regional trends and were excluded. Additional data were marked as 

outliers and excluded if we found them unreasonable when compared to regional, super-regional, and global 

rates. See descriptions of individual modelling approaches for more information.  

  Prevalence Incidence 

Atopic dermatitis* Site-years (total) 743 0 

Number of countries with data 94 0 

Number of GBD regions with data  

(out of 21 regions) 

19 0 

Number of GBD super-regions with data  

(out of 7 super-regions) 

7 0 

Contact dermatitis* Site-years (total) 179 8 

Number of countries with data 13 1 

Number of GBD regions with data  

(out of 21 regions) 

6 1 
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Number of GBD super-regions with data  

(out of 7 super-regions) 

5 1 

Seborrhoeic dermatitis** 

 

Site-years (total) 371 7 

Number of countries with data 22 1 

Number of GBD regions with data  

(out of 21 regions) 

11 1 

Number of GBD super-regions with data  

(out of 7 super-regions) 

7 1 

*Based on claims data refresh 3 ** Based on refresh 4 + TWN data from refresh 8 

Severity splits and disability weights 

 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting major 

functional consequences and symptoms. Severity was split into three levels of disfigurement with pain/itch. See 

below for a lay descriptions of the severity levels.  

 

Sequela Severity level Lay description DW (95% CI) 

Mild atopic dermatitis Disfigurement, level 1 

with itch/pain 

 

The person has a slight, visible physical 

deformity that is sometimes sore or 

itchy. Others notice the deformity, which 

causes some worry and discomfort. 

0.027 (0.015に0.042) 

 

Moderate atopic 

dermatitis  

Disfigurement, level 2, 

with itch/pain 

 

The person has a visible physical 

deformity that is sore and itchy. Other 

people stare and comment, which causes 

the person to worry. The person has 

trouble sleeping and concentrating. 

0.188 (0.124に0.267) 

 

Severe atopic dermatitis 

 

Disfigurement, level 3, 

with itch/pain 

 

The person has an obvious physical 

deformity that is very painful and itchy. 

The physical deformity makes others 

uncomfortable, which causes the person 

to avoid social contact, feel worried, 

sleep poorly, and think about suicide. 

0.576 (0.401に0.731) 
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Mild contact dermatitis 

 

Disfigurement, level 1 

with itch/pain 

 

The person has a slight, visible physical 

deformity that is sometimes sore or 

itchy. Others notice the deformity, which 

causes some worry and discomfort. 

0.027 (0.015に0.042) 

 

Moderate contact 

dermatitis 

 

Disfigurement, level 2, 

with itch/pain 

 

The person has a visible physical 

deformity that is sore and itchy. Other 

people stare and comment, which causes 

the person to worry. The person has 

trouble sleeping and concentrating. 

0.188 (0.124に0.267) 

 

Symptomatic 

seborrhoeic dermatitis 

 

Disfigurement, level 1 

with itch/pain 

 

The person has a slight, visible physical 

deformity that is sometimes sore or 

itchy. Others notice the deformity, which 

causes some worry and discomfort. 

0.027 (0.015に0.042) 

 

 

Modelling strategy 

DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and geography (subnational [select countries], 

country, region, super-region) for atopic dermatitis, contact dermatitis, and seborrhoeic dermatitis. Separate 

models were run for each cause. 

Model parameters 

Atopic dermatitis 

Since our available data mostly contained information on prevalence, we specified additional expert priors to 

further inform analyses. The prior value on excess mortality was set to zero, and the prior value on remission was 

bounded to 0-0.2 (equivalent to five years to life time duration). Study-level covariates were used to adjust 

prevalence estimates from the Medical Expenditure Panel Survey (MEPS), USA claims data for 2000, 2010, and 

2012, self-reported data, and administrative data toward the reference data, which were data from scientific 

literature based on clinical examination. To improve regional and global estimates, the minimum coefficient of 

variation was set at 0.4 and location random effects for Paraguay, Sweden, and England were restricted to [-0.25, 

0.25], [-0.25, 0.25], and [-0.5, 0.5], respectively. A time window of ten years was used to determine which data 

points were used for a particular year of fit.  

Contact dermatitis 

Similar to atopic dermatitis, mostly prevalence data were available for contact dermatitis. Per expert advice, the 

remission parameter was set from 0.1 to 4, excess mortality was set to zero, and incidence was set to zero prior 

to age 6. Study-level covariates were used to adjust data from the Medical Expenditure Panel Survey (MEPS), 

outpatient data, administrative data, self-reported data, data based on a one-year recall, and claims data for 2000 

and 2010 toward the values in the 2012 claims data. In order to improve model estimates, location random 

effects were added for Sweden [-2, 2], Norway [-2, 2], Denmark [0, 0.5], Italy [-2, 2], Germany [-2, 2], and France 
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[-0.5, 0]. A time window of 25 years was used to determine which data points were used for a particular year of 

fit.  

Seborrhoeic dermatitis:  

As with contact dermatitis, the available data were mostly prevalence estimates. Per expert advice, settings were 

placed on incidence as follows: 0-4 years = 0-0.1, and 60-100 = 0-0.01. Excess mortality was set to zero while a 

setting of 0.1-12 was placed on remission, implying a duration of one month to ten years. Prevalence estimates 

from USA claims data for 2000 and 2010, MEPS, and published studies that ascertained cases from administrative 

data were similar and used as a single reference case; published studies that ascertained cases by clinical exam 

were marked with a study-level covariate and adjusted toward the reference data. 

 Study covariate Parameter Beta Exp(beta) 

Atopic dermatitis 
Based on model #235847 

MEPS Prevalence -1.09 (-1.23 to -0.96) 0.34 (0.29 to 0.38) 

Self-reported Prevalence 0.41 (0.34 to 0.48) 1.51 (1.41 to 1.61) 

Administrative data Prevalence -0.32 (-0.55 to -0.09) 0.73 (0.58 to 0.91) 

Claims data - 2000 Prevalence -1.9 (-1.99 to -1.85) 0.15 (0.14 to 0.16) 

Claims data - 2010 Prevalence -1.51 (-1.6 to -1.45) 0.22 (0.20 to 0.23) 

Claims data - 2012 Prevalence -1.47 (-1.57 to -1.41) 0.23 (0.21 to 0.24) 

Contact dermatitis 
Based on model #235850 

MEPS Prevalence -0.35 (-0.78 to -0.021) 0.71 (0.46 to 0.98) 

Outpatient Prevalence -0.66 (-1.78 to -0.02) 0.52 (0.17 to 0.98) 

Recall 1 year Prevalence -0.17 (-0.99 to 0.71) 0.84 (0.37 to 2.04) 

Self-reported Prevalence 1.68 (1.08 to 1.99) 5.38 (2.95 to 7.29) 

Administrative data Prevalence 1.20 (-0.15 to 1.95) 3.33 (0.86 to 7.03) 

Claims data - 2000 Prevalence 0.32 (0.24 to 0.39) 1.37 (1.27 to 1.48) 

Claims data - 2010 Prevalence 0.53 (0.46 to 0.60) 1.70 (1.59 to 1.83) 

Seborrhoeic dermatitis 
Based on model #350792 Diagnosis physical exam Prevalence 3.00 (2.99 to 3.00) 20.0 (19.8 to 20.1) 

 

Summary of changes 

Models of atopic dermatitis and contact dermatitis were substantially similar between GBD 2016 and GBD 2017.  

The model for seborrhoeic dermatitis was previously unstable due to sparse data. In GBD 2017, the model for 

seborrhoeic dermatitis added primary care data from Norway and claims data from Taiwan. Additionally, case-

definitions in the literature were reviewed, and studies previously not marked with study-level covariates (and 

therefore treated as reference case by default in DisMod) were marked to indicate their case ascertainment by 

self-report, administrative data, or study-specific clinical exam. After incorporating new facilities and claims data 

and marking all literature studies with covariates, it was noted that studies using clinical exam were systematically 

higher than all other data sources in the same or nearby locations, and included implausibly high values 

inconsistent with clinically significant seborrhoeic dermatitis in a general population. Thus, claims, primary care, 

and administrative-data-based literature were used as a pooled reference case and literature using clinical exam 

were adjusted. 
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Psoriasis 
 

Flowchart 

 

Case definition 

Psoriasis is an autoimmune disease characterised by areas of raised, red skin with silvery scales, which may be 

itchy (ICD-10: L40, L41). It is an immune-mediated disease that involves inflammation and excess growth and 

abnormal behavior of certain skin cells. 

Input data 

Model inputs 

The data for the psoriasis model come from scientific literature, several large, national surveys, claims data from 

the United States and Taiwan, and primary care data from Norway. 

The literature used has been described in greater detail in previous GBD appendices. In brief, in the GBD 2010 

study, a systematic review of the literature was conducted using PubMed and Google Scholar to capture 

epidemiological data for psoriasis. In GBD 2013, the 2010 search strategy was replicated to capture studies from 

2012 to 2014, and it was repeated again in GBD 2016 to capture studies through October 1, 2016. The inclusion 

criteria stipulated that studies (1) must provide data on the incidence or prevalence of psoriasis; (2) must use 

samples representative of the general population (ie, samples derived from the experimental arm of clinical trials 

or based in dermatology clinics were excluded); (3) must use a sample size larger than 100; and (4) must provide 

sufficient information on study method and sample characteristics to assess the quality of the study.  

Prevalence and 

incidence by 

location/year/age/

sex for psoriasis

Comorbidity 

correction (COMO)

(No YLLs)

Comorbidity 

adjusted 

YLDs

DALYs

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

  Covariates

Psoriasis

Severity splits

Prevalence of 

mild, moderate, 

and severe 

sequelae

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Medical Expenditure 

Panel Survey

National Surveys

Prevalence

Literature

Prevalence

Claims 

Multiple diagnostic codes 

for claims submitted for 

individuals

Outpatient data

(Norway)

Diagnostic codes linked to 

individuals in primary care 

system
Format codes 

Map to modeling 

causes

Convert claims to 

prevalent cases

Nonfatal database Dismod-MR 2.1

Study-level covariates:

Self-report

USA claims

TWN claims

Norwegian primary care  

Apply age and sex 

restrictions

Aggregate and apply 

population denominator

Location-level 

covariates:

Socio-demographic 

index

Absolute value of 

average latitude  

589



Surveys used include the Medical Expenditure Panel Survey (MEPS) in the United States for 2000に2009, the 

Australian National Health Survey 1995に1996, 2001, 2004に2005, 2007に2008, and the USA National Health and 

Nutrition Examination Survey (NHANES) in 2002 and 2005. 

Claims data from the United States and Taiwan link claims for multiple inpatient and outpatient encounters to a 

single individual. An individual was extracted as a prevalent case if they had one or more inpatient or outpatient 

encounter with a psoriasis ICD code as any encounter diagnosis. Norwegian primary care data had diagnoses 

linked to individuals, which were extracted as prevalent cases.  

Data from outpatient encounters from facilities in the United States and Sweden were considered for inclusion in 

the psoriasis database, but these data violated established regional trends and age distributions and were 

excluded. Data were further considered for exclusion if relatively high values in young age groups led to 

overestimation of subnational pseudo-random effects and poor model fit, or if we found them unreasonable 

when compared to regional, super-regional, and global rates, but no data for these models met these criteria for 

exclusion.  

The tables below show the number of studies included in GBD 2017, as well as the number of countries and GBD 

world regions represented. 

 Prevalence Incidence 

Site-years (total) 651 72 

Number of countries with data 30 4 

Number of GBD regions with data (out of 21 regions) 15 2 

Number of GBD super-regions with data (out of 7 super-regions) 7 1 

Based on facilities and claims data refresh 8 

Severity splits and disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting major 

functional consequences and symptoms. As was the case in GBD 2010, 2013, 2015, and 2016, disability weights 

used were for disfigurement with itch/pain, levels 1, 2, and 3.   

 

Sequela Severity level Lay description DW (95% CI) 

Mild psoriasis 

 

Disfigurement, level 1 

with itch/pain 

 

The individual has a slight, visible physical 

deformity that is sometimes sore or itchy. Others 

notice the deformity, which causes some worry 

and discomfort. 

0.027 (0.015に0.042) 

 

Moderate 

psoriasis 

 

Disfigurement, level 2, 

with itch/pain 

 

The individual has a visible physical deformity 

that is sore and itchy. Other people stare and 

comment, which causes the person to worry. The 

person has trouble sleeping and concentrating. 

0.188 (0.124に0.267) 

 

Severe psoriasis Disfigurement, level 3, 

with itch/pain 

The individual has an obvious physical deformity 

that is very painful and itchy. The physical 

0.576 (0.401に0.731) 
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  deformity makes others uncomfortable, which 

causes the person to avoid social contact, feel 

worried, sleep poorly, and think about suicide. 

 

 

Modelling strategy 

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate prevalence by age, sex, year, and 

geography (subnational [select countries], country, region, super-region) for psoriasis. 

Data inputs for the psoriasis DisMod model include incidence and prevalence data as described above. Reference 

data for prevalence were from literature studies where cases were ascertained using administrative data or by 

study-specific physical examination. Study-level covariates were used to mark data obtained by self-report, 

primary care data from Norway, and claims data from the United States and Taiwan. 

Psoriasis was modelled with remission set between 0.05 and 0.15, implying a duration between 6.6 and 20 years. 

This was in line with the available epidemiological data, expert opinion, and previous GBD work. Excess mortality 

was assumed to be zero. The datasets for psoriasis were sufficiently large to make use of a relatively short time 

window of ten years to determine which data points were used for a particular year of fit. Socio-demographic 

Index and absolute value of average latitude were used as location-level covariates to guide estimates for 

countries with few or no data.  

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the tables below for 

study-level covariates and location-level covariates. 

Covariate type Covariate Parameter Beta Exp(beta) 

Study-level 

Self-report Prevalence 

-0.053 

(-0.29 to 0.13) 

0.95 

(0.94に0.96) 

Study-level 

USA claims Prevalence 

-1.39  

(-1.68 to -1.17) 

0.15  

(0.14に0.18) 

Study-level 

TWN claims Prevalence 

0.30 

(0.19に0.41) 

1.35 

(1.20に1.51) 

Study-level Norwegian primary 

care data Prevalence 

-1.88 

(-2 to -1.7) 

0.15 

(0.14に0.18) 

Location-level Socio-demographic 

Index Prevalence 

2.00 

(1.99に2.00) 

7.37 

(7.29に7.39) 

Location-level Absolute value of 

average latitude Prevalence 

0.0030 

(0.0019に0.0041) 

1.00 

(1.00に1.00) 
Based on model 341099 

 

Summary of changes 

Compared to GBD 2016, the psoriasis model for GBD 2017 differs by adding additional years of United States 

claims data, adding Taiwan claims data, and adding primary care data from Norway. Fewer data were marked as 

outliers, and study-level covariates were marked on literature data that allowed adjustment toward the reference 

standard of extreme values previously marked as outliers. 
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Case definition 

Cellulitis was included in the GBD 2017 cause group of skin and subcutaneous conditions. Cellulitis is a skin 

disease marked by a bacterial infection that affects and spreads through the skin and soft tissues. Symptoms of 

cellulitis include pain, tenderness, and reddening in the affected area, fever, chills, and lymphadenopathy (ICD-10: 

L03) (1). 

 

Input data 

Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for cellulitis. Due to lack of published data on the epidemiology of cellulitis, the 

literature search also included relevant incidence data from national inpatient or outpatient records in Europe, 

North America, and Latin America. When years in the national data from the hospital records overlapped, 

inpatient and outpatient data were summed together in an effort to better estimate the population incidence of 

cellulitis. The final dataset also includes USA claims data and cause-specific mortality rates for cellulitis estimated 

by CODEm.  

 

The inclusion criteria stipulated that studies (1) must be published between 1980 and 2012; (2) must provide data 

on the incidence or prevalence of cellulitis; (3) must use samples representative of the general population (ie, 

samples derived from the experimental arm of clinical trials or based in dermatology clinics were excluded); (4) 

must use a sample size larger than 100; and (5) must provide sufficient information on study method and sample 

characteristics to assess the quality of the study. For GBD 2013, the GBD 2010 search strategy was replicated to 

capture epidemiological studies published between 2012 and 2013. In addition, hospital inpatient data, data from 

USA claims for 2000 and 2010 through 2014 by state, and Taiwan claims data for 2016 were included in GBD 
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2017. Data were outliered or excluded if we found them unreasonable when compared to regional, super-

regional, and global rates. 

 

Table 1. Site-years of data by different measures and geographical coverage 
 Incidence  

Site-years (total) 1382 

Number of countries with data 42 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions 
7 

 
 

Severity splits  

 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting major 

functional consequences and symptoms. Severity splits for cellulitis were calculated via the Medical Expenditure 

Panel Survey (MEPS) regression and outlined in the table below. 

 

Table 2. Severity level and lay description.  

 
Sequela Severity level Lay description DW (95% CI) 

Mild cellulitis Infectious disease, acute 

episode, mild 

 

This person has a low 

fever and mild discomfort, 

but no difficulty with daily 

activities. 

0.006 (0.002に0.012) 

Moderate cellulitis Infectious disease, acute 

episode, moderate 

 

This person has a fever 

and aches, and feels weak, 

which causes some 

difficulty with daily 

activities. 

0.051 (0.032に0.074) 

Severe cellulitis Infectious disease, acute 

episode, severe 

 

This person has a high 

fever and pain, and feels 

very weak, which causes 

great difficulty with daily 

activities. 

0.133 (0.088に0.19) 

 

 

Modelling strategy 

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate cellulitis prevalence by age, sex, year, and 

geography (subnational [select countries], country, region, super-region). Cellulitis was modelled with remission 

set between 12 and 30, implying a duration of 12 days to one month. This was in line with the available 

epidemiological data, expert opinion, and previous GBD work. The cellulitis dataset was sufficiently large to make 

use of a relatively short time window of five years to determine which data points were used for a particular year 

of fit.  

 

Study-level covariates were used to adjust incidence derived from USA claims data for 2000 toward the level of 

other incidence data points, which were more representative of the general population. USA claims data for 2000 

were set at a maximum of zero. Log-transformed lagged distributed income (LDI) was used as a country-level 
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covariate to guide estimates for locations with few or no data. LDI was restricted to a range of -0.5 to -0.1. We 

restricted location random effects to (-0.5, 0.5) across all 7 GBD super-regions.  

 

 

Table 3. Study-level beta and exponentiated values  

Covariate Parameter Beta Exp(beta) 

Claims data に 2000 Incidence -0.43 ( -0.45 to -0.4) 0.65 (0.64に0.67) 

 

Table 4. Location-level beta and exponentiated values  

Covariate Parameter Beta Exp(beta) 

Log (LDI) Excess mortality rate -0.5 ( -0.5 to -0.5) 0.61 (0.61に0.61) 
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Case definition 

Pyoderma refers to any skin disease that is pyogenic, ie, involves the development of pus. These include 

superficial bacterial conditions such as impetigo, furuncles, ulcers, and abscesses. In line with GBD 2016, for GBD 

2017, pyoderma was modelled as two separate groups: impetigo, and abscess and other bacterial skin diseases. 

Impetigo is a highly contagious bacterial skin infection often characterized by red sores, which eventually leak pus 

or fluid (ICD-10: L01). An abscess is a collection of pus that builds up within the tissue of the body, with carbuncles 

and furuncles being examples of specific types of abscess. The abscess and other bacterial skin diseases group 

included all bacterial skin diseases except impetigo (ICD-10: L00, L02, L04, L05, L08). 

Input data 
Model inputs 

For both impetigo and abscess and other bacterial skin diseases in GBD 2010, a literature review was conducted 

using PubMed and Google Scholar. The inclusion criteria were studies which were published between 1980 and 

2010 and provided data on relevant disease incidence or prevalence. Exclusion criteria were studies with no 

incidence or prevalence data provided, not community- or population-based, outside of year range, sample size 

smaller than 100, experimental arm of clinical trial, papers that provided estimates rather than data, and studies 

that were based in dermatology clinics. The agreed-upon approach for pyoderma disease was to undertake a 

literature review every two years. For GBD 2016, the GBD 2013 search strategy was replicated to capture 

epidemiological studies published between 2014 and 2016. Hospital inpatient data were used as model inputs for 

abscesses and other bacterial skin diseases, but were omitted for impetigo, as the adjustment factor from primary 

diagnoses codes to all diagnoses codes were found to be implausible. 

 

 

Table 1. Site-years of data by different measures and geographic coverage 

Cause  Prevalence Incidence  

 

 

 

Impetigo 

Site-years (total) 8 318 

Number of countries with data 6 4 

Number of GBD regions with data (out of 

21 regions) 5 3 

Number of GBD super-regions with data 

(out of 7 super-regions 4 2 

 

 

 

Abscess and other 

bacterial skin diseases  

Site-years (total) 1387 2 

Number of countries with data 43 2 

Number of GBD regions with data (out of 

21 regions) 16 2 

Number of GBD super-regions with data 

(out of 7 super-regions 7 1 

 

Severity splits and disability weights 
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Information on the distribution of cases of impetigo and abscess and other bacterial skin diseases, asymptomatic, 

and within disfigurement levels 1 and 2, were obtained from the Medical Expenditures Panel Survey. The 

symptomatic cases were assigned the disability weight of a mild acute infectious disease case.  

 

Table 2. Severity level and lay description 

 

Sequela Severity level Lay description DW (95% CI) 

Impetigo Infectious disease, 

acute episode, mild 

 

The person has a low 

fever and mild 

discomfort, but no 

difficulty with daily 

activities. 

 

0.006 (0.002に0.012) 

 

Abscesses and other 

bacterial skin diseases 

Infectious disease, 

acute episode, mild 

 

The person has a low 

fever and mild 

discomfort, but no 

difficulty with daily 

activities. 

 

0.006 (0.002に0.012) 

 

 

 

Modelling strategy 

DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and geography (country, region, super-region) 

for impetigo and abscess and other bacterial skin diseases. Separate models were run for each disease. 

Impetigo: Per expert advice, we assumed a remission of 17 to 20, equating to a duration between approximately 

two and three weeks. A value prior was also placed on incidence, restricting the range between zero and one. In 

addition, study-level covariates were placed on incidence to adjust USA claims data for 2000 and 2010 through 

2014 and Taiwan claims data for 2016 toward the reference literature data. A country-level covariate, log 

transformed lagged distributed income (I$ per capita), which represents a moving average of gross domestic 

product (GDP) over time, was also included to inform prevalence and excess mortality estimates. We also used 

the cause-specific mortality rates for pyoderma estimated using CODEm. We used a time window of five years to 

determine which data points were used for a particular year of fit. 

Abscess and other bacterial skin diseases: Per expert advice, a remission setting of 17 to 30 was applied, which 

equated to a duration of two to six weeks. Study-level covariates adjusted incidence estimates from USA claims 

data for 2000 and hospital inpatient data toward the reference literature data, USA 2010に2014 claims data, and 

Taiwan 2016 claims data. We also used the cause-specific mortality rates for pyoderma estimated using CODEm. 

In addition, we used a log transformed lagged distributed income (I$ per capita) country covariate on excess 

mortality. We used a time window of five years to determine which data points were used for a particular year of 

fit and limited random effects to (-0.5, 0.5) for certain GBD regions and super-regions (South Asia, Central Asia, 

Latin America & Caribbean, North Africa & Middle East, and high-income) to improve model estimates.  

 

Table 3. Beta and exponentiated values  

Impetigo  
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Covariate type Covariate Parameter beta Exponentiated beta 

Study-level covariate 

Claims data に 

2000 Incidence 

 

0.026 (-1.98 to 

2.00) 

1.03 (0.14に7.39) 

Study-level covariate 

US Claims (2010 に 

2014) & Taiwan 

Claims (2016) Incidence 

 

0.026 (-1.98 to 

2.00) 

1.03 (0.14に7.39) 

Country covariate LDI (I$ per capita) Prevalence 

0.054 (0.0011に
0.21) 

1.06 (1.00に1.23) 

Country covariate LDI (I$ per capita) Excess mortality rate -0.2 (-0.2 to -0.2) 0.82 (0.82に0.82) 

 

 

Abscesses and other bacterial skin diseases 

Covariate type Covariate Parameter beta Exponentiated beta 

Study-level covariate Hospital Inpatient Incidence 

 

-2.4 (-2.4 to -2.4) 
0.091 (0.091に0.091) 

Study-level covariate Claims data - 2000 Incidence 

 

-0.31 (-0.34 to -

0.29) 

0.73 (0.71に0.75) 

Country covariate LDI (I$ per capita) Excess mortality rate -0.5 (-0.54 to -0.46) 0.61 (0.58に0.63) 
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Scabies 
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Case definition 

Scabies was included in the GBD 2017 cause group of skin and subcutaneous conditions. According to the 

International Classification of Diseases (ICD-10), scabies is a skin disease caused by the microscopic mite 

Sarcoptes scabiei. The main symptom is an itchy, pimple-like rash (ICD-10: B86) (1).  

 

Input data 
Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for scabies. The inclusion criteria stipulated that studies (1) must be published 

between 1980 and 2012; (2) must provide data on the incidence or prevalence of scabies; (3) must use samples 

representative of the general population (ie, samples derived from the experimental arm of clinical trials or based 

in dermatology clinics were excluded); (4) must use a sample size larger than 100; and (5) must provide sufficient 

information on study method and sample characteristics to assess the quality of the study. For GBD 2013, the 

GBD 2010 search strategy was replicated to capture epidemiological studies published between 2011 and 2013. 

The agreed-upon approach for scabies was to undertake a literature review every two years. Therefore, we 

updated the systematic review through October 6, 2016, for GBD 2016. Additionally, USA claims data from 2000 

and 2010 through 2014 were included in GBD 2017. Data were outliered or excluded if we found them 

unreasonable when compared to regional, super-regional, and global rates. 
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Table 1. Site-years of data by different measures and geographical coverage 

 Prevalence Incidence  

Site-years (total) 381 20 

Number of countries with data 30 4 

Number of GBD regions with data (out of 21 regions) 17 3 

Number of GBD super-regions with data (out of 7 

super-regions 7 2 

 

Scabies was assigned the disability weight for disfigurement level 1. The disability weights used for GBD 2016 

were also used for GBD 2017. 

 

Table 2. Severity level and lay descriptions  

Severity level Lay description DW (95% CI) 

Disfigurement, level 1 with 

itch/pain 

 

The individual has a slight, visible physical deformity that is 

sometimes sore or itchy. Others notice the deformity, which 

causes some worry and discomfort. 

0.027 (0.015に0.042) 

 

 

Modelling strategy 

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate scabies prevalence by age, sex, year, and 

geography (subnational [select countries], country, region, super-region). 

Scabies was modelled with remission set between 2.5 and 3.5, implying four to five months of duration, and 

excess mortality was assumed to be zero. This was in line with the available epidemiological data, expert opinion, 

and previous GBD work.  

The datasets for scabies were sufficiently large to make use of a relatively short time window of five years to 

determine which data points were used for a particular year of fit. Additionally, to improve estimation across all 

regions, we restricted location random effects to (-0.25, 0.25) in Cambodia, Mali, Nepal, Fiji, Timor-Leste, 

Vanuatu, the Oceania, Southeast Asia, and East Asia GBD regions, and the corresponding super-region. We also 

restricted the random effect in Kenya (0, 0.5). We used the unsafe water SEV (summary exposure value) as a 

location-level covariate and set the minimum coefficient of variation at 0.4.  

Study-level covariates were used to adjust prevalence derived from outpatient data, USA claims data for 2000 and 

2010 through 2014, and data not based on clinical exams toward the level of other prevalence and incidence data 

points, which were more representative of the general population. 

 

Table 3. Study-level beta and exponentiated values  
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Covariate Parameter Beta Exp(beta) 

Claims data - 2000 Prevalence -1.84 (-1.95 to -1.78) 0.16 (0.14に0.17) 

Claims data に 2010 - 2014 Prevalence -1.29 (-1.39 to -1.23) 0.28 (0.25に0.29) 

Data were not based on 

physical examinations 

Prevalence 
-1.54 (-1.92 to -1.21) 0.21 (0.15に0.30) 

Outpatient Prevalence 1.92 (1.80に2.00) 6.82 (6.05に7.35) 

 

Table 4 Location-level beta and exponentiated values  

Covariate Parameter Beta Exp(beta) 

Unsafe water (SEV) Prevalence 1.96 (1.85に2.00) 7.11 (6.37に7.37) 
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Fungal skin diseases 

 

 

Flowchart 

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Outpatient data
Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/age/

sex for tinea capitis

Comorbidity 

correction 

(COMO)

Comorbidity 

adjusted 

YLDs

DALYs

Tinea Capitis

Study-level covariates:

1. Claims data (2000 and 2010)

2. Healthcare access and quality index

Age-sex 

splitting

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Claims data に 
outpatient visits

Literature

Survey data

Claims data に 
inpatient visits

Adjustment from 

primary code to all 

code based on 

Claims data

Adjusted inpatient 

data

 

 

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Outpatient data
Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/age/

sex for other fungal 

skin diseases

Comorbidity 

correction 

(COMO)

Comorbidity 

adjusted 

YLDs

DALYs

Other Fungal Skin Diseases

Study-level covariates:

1. Claims data (2000)

2.Medical Expenditure Panel Survey 

3. No physical exam

4. Outpatient data

Age-sex 

splitting

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Claims data に 
outpatient visits

Literature

Survey data

Claims data に 
inpatient visits

Adjustment from 

primary code to all 

code based on 

Claims data

Adjusted inpatient 

data

 

Case definition 

Fungal diseases were included in the GBD 2017 cause group of skin and subcutaneous conditions and consisted of 

tinea capitis and a residual group of さanyざ other fungal disease. Similar to GBD 2016, tinea capitis was modelled 

separately from the other fungal skin diseases. This was done to better accommodate differences in burden 

between tinea capitis and other subtypes of fungal skin diseases. 
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Tinea capitis is a fungal infection of the scalp and associated hair. It is characterised by the appearance of 

thickened scaly swellings or as expanding raised red rings (ringworm), mainly caused by species of Microsporum, 

Trichophyton, and Epidermophyton (ICD-10: B35.0) (1). 

The residual group of さ;ﾐ┞ざ other fungal skin disease included any fungal skin disease that was specifically not 

tinea capitis or onychomycosis (ie, fungal nail infection). The ICD-10 (1) list of other fungal skin diseases includes 

tinea manuum (ICD-10: B35.2), or hand ringworm; tinea pedis (ICD-10: B35.3), or athleteげs foot; tinea corporis 

(ICD-10:B35.4), or ringworm of the body; tinea imbricata (ICD-10:B35.5), a superficial fungal infection limited to 

parts of Asia and Central America; tinea cruris (ICD-10:B35.6), also known as dhobi itch, groin ringworm, or jock 

itch. In GBD 2016, we added dermatophytosis (ICD-10:B35.9).  

Input data 

Model inputs 

For GBD 2010, a systematic review of the literature using PubMed and Google Scholar was conducted to capture 

epidemiological data for fungal skin diseases. The literature search also included any relevant data from the 

Medical Expenditure Panel Survey (MEPS) in the United States in 2000に2009. The inclusion criteria stipulated that 

studies (1) must be published between 1980 and 2012; (2) must provide data on the incidence or prevalence of 

fungal  skin diseases; (3) must use samples representative of the general population (ie, samples derived from the 

experimental arm of clinical trials or based in dermatology clinics were excluded); (4) must use a sample size 

larger than 100; and (5) must provide sufficient information on study method and sample characteristics to assess 

the quality of the study. For GBD 2013, the GBD 2010 search strategy was replicated to capture epidemiological 

studies published between 2012 and 2013. For GBD 2017, the GBD 2010 search strategy was replicated in 

PubMed to capture epidemiological studies published between 2013 and 2017. Data were outliered or excluded if 

we found them unreasonable when compared to regional, super-regional, and global rates. 

Table 1. Site-years of data by different measures and geographic coverage 

Cause  Prevalence 

 

 

 

Tinea capitis 

Site-years (total) 348 

Number of countries with data 20 

Number of GBD regions with data (out of 21 regions) 
8 

Number of GBD super-regions with data (out of 7 super-

regions 4 

 

 

 

Other Fungal Skin Diseases  

Site-years (total) 356 

Number of countries with data 24 

Number of GBD regions with data (out of 21 regions) 
12 

Number of GBD super-regions with data (out of 7 super-

regions 6 
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In addition, data from USA claims for 2000 and 2010 through 2014 by state were included for both tinea capitis 

and other fungal skin diseases. We also used hospital outpatient data for other fungal skin diseases but decided 

not to use it for tinea capitis because we decided it would not be representative of true prevalence, and variation 

between countries in the proportion of true prevalent cases captured in hospital inpatient and outpatient data 

would likely vary more than can be captured by a single crosswalk in DisMod-MR 2.1. For tinea capitis, we 

compared the rates in the outpatient data from Norway, Sweden, Canada, and the USA and found implausibly 

large differences with the rates from the claims data.  

Severity splits  

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting major 

functional consequences and symptoms. The same disability weight was used for both tinea capitis and other 

fungal skin diseases.  

Table 2. Severity level and lay description  

Severity level Lay description DW (95% CI) 

Infectious disease, acute 

episode, mild 

The person has a low fever and mild discomfort but no 

difficulty with daily activities. 

0.006 (0.002に0.012) 

 

Modelling strategy 

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate tinea capitis and other fungal skin 

diseases prevalence by age, sex, year, and geography (subnational [select countries], country, region, super-

region). Separate models were run for tinea capitis and other fungal skin diseases.  

Tinea capitis. To help inform the distribution of tinea capitis across the lifespan, excess mortality was set at zero, 

remission was set at 0.5 to 4, and incidence was set at 0 to 0.02 between 20 and 100 years. This was in 

agreement with the available prevalence data and expert advice. We made use of a relatively long time window 

of 20 years to determine which data points were used for a particular year of fit. This means that for the year 

2000, for instance, DisMod-MR 2.1 incorporated all data points ranging from 1980 to present to estimate 

prevalence. Study-level covariates in the final model included adjustments for USA claims data for 2000. In 

addition, we limited random effects for sub-Saharan Africa (-2,3) and Western Europe (-0.1, 1) to improve model 

estimates.  

Other fungal skin diseases. The modelling strategy was similar to that for tinea capitis, with remission set between 

0.33 and 4. As Medical Expenditure Panel Survey (MEPS) data points were included in this model, we used a 

study-level covariate to adjust estimates derived from MEPS, outpatient data, and USA claims data for 2000 

toward the level of prevalence observed in USA claims data from 2012 and the literature. We also included a 

covariate to add uncertainty for data that did not arise from physical examination and limited random effects for 

Nigeria (-0.5, 0.5) and Ethiopia (-0.5, 0.5) to improve model estimates.  

Table 3 Study-level beta and exponentiated values 

Cause  Covariate Covariate 

Type 

Parameter Beta Exp(beta) 
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Tinea capitis  

Claims data に 2000 Study-level Prevalence -0.13 (-0.18 to -0.086) 0.88 (0.84に0.92) 

Healthcare Access and 

Quality index 

Country-

level 

Prevalence 
-0.087 (-0.1 to -0.064) 0.92 (0.91に0.94) 

 

 

 

Other fungal skin 

diseases 

MEPS 

Study-level 

Prevalence 
-0.97 (-1.11 to -0.84) 0.38 (0.33に0.43) 

Outpatient 

Study-level 

Prevalence 
-0.99 (-1.98 to 0) 0.37 (0.14に1.00) 

Claims data に 2000 Study-level Prevalence  

-0.21 (-0.22 to -0.19) 
0.81 (0.80に0.83) 

Data were not based on 

physical examinations* 

 

Study-level Prevalence 

1.40 (0.69 to 1.97) 4.05 (2.00に7.19) 

* Covariate on the variance.  
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Case definition 

Viral skin diseases consist of viral warts and molluscum contagiosum. Viral warts are raised growths on the 

surface of the skin caused by an infection with the human papillomavirus (ICD-10: B07). Molluscum 

contagiosum is a viral infection of the skin or occasionally of the mucous membranes characterised by the 

appearance of waxy, dome-shaped nodules. It is caused by a DNA poxvirus called the molluscum contagiosum 

virus (ICD-10:  B08.1) (1). In GBD 2017, we modelled viral warts and molluscum contagiosum separately in order 

to better accommodate differences in burden between the subtypes of viral skin diseases. 

Input data 
Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for viral skin diseases. Due to lack of published data on the epidemiology of viral skin 

diseases, the literature search also included relevant incidence data from national inpatient or outpatient records 

in the USA. The inclusion criteria stipulated that studies (1) must be published between 1980 and 2012; (2) must 

provide data on the incidence or prevalence of viral warts or molluscum contagiosum; (3) must use samples 

representative of the general population (ie, samples derived from the experimental arm of clinical trials or based 

in dermatology clinics were excluded); (4) must use a sample size larger than 100;  and (5) must provide sufficient 

information on study method and sample characteristics to assess the quality of the study. For GBD 2013, the 

GBD 2010 search strategy was replicated to capture epidemiological studies published between 2012 and 2013. 

For GBD 2017, the GBD 2010 search strategy was replicated to capture epidemiological studies published 

between 2013 and 2017. Data were outliered or excluded if we found them unreasonable when compared to 

regional, super-regional, and global rates. 
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Table 1. Site-years of data by different measures and geographic coverage 

Cause  Prevalence Incidence  

 

 

 

Viral warts 

Site-years (total) 336 16 

Number of countries with data 23 4 

Number of GBD regions with data (out of 

21 regions) 11 2 

Number of GBD super-regions with data 

(out of 7 super-regions 6 1 

 

 

 

Molluscum contagiosum  

Site-years (total) 311 5 

Number of countries with data 5 2 

Number of GBD regions with data (out of 

21 regions) 4 1 

Number of GBD super-regions with data 

(out of 7 super-regions 4 1 

 

Data from USA claims for 2000 and 2010 through 2014 by state were included in GBD 2017, where appropriate. 

See descriptions of individual modelling approaches for more information.    

 

Severity splits  

In GBD 2017, cases of both disorders were allocated a distribution between mild acute infectious disease and 

disfigurement level 2. The severity splits and disability weights used in GBD 2016 were also applied in GBD 2017.  
 

Table 2. Sequela and disability weight 

Sequela Severity level Lay description DW (95% CI) 

Mild viral warts 

 

Infectious disease, acute 

episode, mild 

The person has a low fever 

and mild discomfort, but 

no difficulty with daily 

activities. 

 

0.006 (0.002に0.012) 
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Severe viral warts 

 

Disfigurement, level 2 The person has a visible 

physical deformity that 

causes others to stare and 

comment. As a result, the 

person is worried and has 

trouble sleeping and 

concentrating. 

0.067 (0.044に0.096) 

Mild molluscum 

contagiosum 

 

Infectious disease, acute 

episode, mild 

 

The person has a low fever 

and mild discomfort but 

no difficulty with daily 

activities. 

0.006 (0.002に0.012) 

 

Severe molluscum 

contagiosum 

 

Disfigurement, level 2 

 

The person has a visible 

physical deformity that 

causes others to stare and 

comment. As a result, the 

person is worried and has 

trouble sleeping and 

concentrating. 

0.067 (0.044に0.096) 

 

 

Modelling strategy 

For GBD 2017, DisMod-MR 2.1 was used to estimate prevalence, by age, sex, year, and geography (subnational 

[select countries], country, region, super-region) for viral warts and molluscum contagiosum. Separate models 

were run for each disease, as illustrated throughout this cause write-up. 

Viral warts. Viral warts were modelled with excess mortality set to 0 and remission set between 0.25 and 2, 

implying a duration of 0.5 to 4 years. This was in line with the levels of prevalence and incidence data, as well as 

expert opinion. A number of additional settings were used to ensure that DisMod-MR 2.1 sufficiently followed 

available data points. Incidence was restricted to a maximum of 0.1, and we made use of a relatively long time 

window of 25 years to determine which data points were used for a particular year of fit. We limited the 

prevalence random effects for Andean Latin America (-0.2, 0.2) in order to improve model fit. Study-level 

covariates were used to adjust USA claims data for 2000 toward other data points.  

Molluscum contagiosum. As available data only contained information on prevalence and incidence, we specified 

additional expert priors to further inform analyses. Molluscum contagiosum was modelled with excess mortality 

set to 0 and remission set between 0.5 and 2, implying a duration of 0.5 to 2 years. This was in line with the 

available epidemiological data, expert opinion, and previous GBD work. We used a time window of 25 years to 

determine which data points to include for a particular year of fit. Due to data heterogeneity, we restricted the 

location random effects to between -0.5 and 0.5 for the Netherlands and select GBD regions and super-regions 

(Southern Latin America, sub-Saharan Africa, high-income, South Asia, and Southeast Asia, East Asia, and 

Oceania). Study-level covariates were used to adjust data USA claims data for 2000 toward other data points. 

 

608



4 

 

 

Table 3. Study-level beta and exponentiated values  

 Covariate Parameter Beta Exp(beta) 

Viral warts 
Claims data に 2000 Prevalence 

 

-0.1 (-0.19 to 0.031) 
0.90 (0.83に1.03) 

Molluscum 

contagiosum Claims data に 2000 Prevalence 

 

-1.66 (-1.68 to -1.64) 
0.19 (0.19に0.19) 
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Case definition 

Acne vulgaris was included in the GBD 2017 cause group of skin and subcutaneous conditions. Acne vulgaris (or 

acne) is a chronic inflammatory disease of the pilosebaceous unit associated with an increase in sebum secretion. 

Included in the GBD 2017 modelling were cases meeting ICD-10 diagnostic criteria for acne vulgaris (ICD-10: L70, 

excluding L70.4).  

 

Input data 

Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for acne vulgaris. The inclusion criteria stipulated that studies (1) must be published 

between 1980 and 2012; (2) must provide data on the incidence or prevalence of acne vulgaris; (3) must use 

samples representative of the general population (ie, samples derived from the experimental arm of clinical trials 

or based in dermatology clinics were excluded); (4) must use a sample size larger than 100; and (5) must provide 

sufficient information on study method and sample characteristics to assess the quality of the study. The agreed-

upon approach for acne vulgaris was to undertake a literature review every two years. For GBD 2016, the GBD 

2010 search strategy was replicated in PubMed to capture epidemiological studies published between 2013 and 

2016. An additional literature search was carried out for GBD 2017 for USA data to better inform the DisMod 

crosswalk from USA claims data to literature data and capture any studies missed in previous literature searches. 
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This literature search also replicated the GBD 2010 search strategy and captured studies published between 1980 

and 2017.  

USA claims data from 2000 and 2010 through 2014 are included in this model, along with outpatient data from 

both Norway. USA outpatient data were not used due to implausibly high adjusted values.  

Table 1. Site-years of data by different measures and geographic coverage 

 Prevalence 

Site-years (total) 541 

Number of countries with data 33 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-

regions 7 

 

Severity splits  

The table below illustrates the severity level, lay description, and disability weight for acne. In GBD 2016, we 

added two additional severity levels に disfigurement 2 and disfigurement 3. The disability weight of each severity 

of acne was applied across 40% of the total prevalence cases to account for biases in outpatient utilisation. The 

remaining 60% of prevalence cases were considered mild cases (disfigurement level 1). These proportions were 

generated using the ratio of patients seeking care captured from claims data, to all individuals captured in 

literature surveying the general population.  

 

For GBD 2017, we performed a meta-analysis of five literature studies that gave the proportion of people seeking 

care for acne to replace the estimate from claims data. This was done to get a more geographically diverse 

estimate of care-seeking acne behavior. The disability weight of mild was applied to those who did not seek care 

and a small fraction of those seeking care and moderate and severe were applied to those seeking care.  

 

 

Table 2. Severity level and lay description 

Sequela Severity level Lay description DW (95% CI) 

Mild acne vulgaris Disfigurement, level 1 

 

The individual has a slight, visible 

physical deformity that others notice, 

which causes some worry and 

discomfort. 

0.011 (0.005に
0.021) 

 

Moderate acne vulgaris Disfigurement, level 2 The individual has a visible physical 

deformity that causes others to stare 

and comment. As a result, the person 

is worried and has trouble sleeping 

and concentrating. 

0.067 (0.044に
0.096) 
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Severe acne vulgaris Disfigurement, level 3 

 

The individual has an obvious physical 

deformity that makes others 

uncomfortable, which causes the 

person to avoid social contact, feel 

worried, sleep poorly, and think 

about suicide. 

 

0.405 (0.275に
0.546) 

 

 

Modelling strategy 

DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and country for acne vulgaris. 

Since our available data only contained information on prevalence, we specified additional expert priors to further 

inform analyses. We assumed zero excess mortality and remission from 0.38 to 0.6, implying a duration of 

approximately two to three years. This was in line with the available epidemiological data, expert opinion, and 

previous GBD work. A value prior of zero was set for incidence between the ages of 0 and 6, and 61 and 100. We 

used a time window of five years to determine which data points were used for a particular year of fit. 

 

Study-level covariates were used to adjust prevalence from USA claims data for 2000 and 2010 through 2014 

toward the level of other prevalence data points, which were more representative of the general population. A 

study-level covariate was applied to data that were not based on physical examinations.  

 

In addition, sociodemographic status, sugar consumption, and the Healthcare Access and Quality index were used 

as country-level covariates to guide estimates for countries with few or no data.  

 

The table below indicates the study covariates, parameters, beta, and exponentiated beta values used in GBD 

2017. 

 

 

Table 3. Beta and exponentiated values  

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level 

covariate 

Outpatient Prevalence 
-1.96 (-2 to -1.84) 0.14 (0.14に0.16) 

Study-level 

covariate 

Diagnostic physical 

exam 

Prevalence 
1.72 (0.78に2.00) 5.60 (2.18に7.39) 

Study-level 

covariate 

All MarketScan, 

year 2000 

Prevalence 
-0.55 (-1.29 to 0.13) 0.58 (0.28に1.13) 

Study-level 

covariate 

All MarketScan, 

years 2010に2014 

Prevalence 
-0.43 (-1.04 to 0.15) 0.65 (0.35に1.16) 

Country covariate Socio-demographic 

Index 

Prevalence 
0.98 (0.92に1.00) 2.66 (2.50に2.72) 

Country covariate sugar adjusted (g) Prevalence 0.00030 (-0.0053 to 

0.0072) 
1.00 (0.99に1.01) 
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Country covariate Healthcare Access 

and Quality index 

 

Prevalence 
0.018 (-0.008 to 

0.028) 
1.02 (0.99に1.03) 
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Alopecia areata 
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Case definition 

Alopecia areata was included in the GBD 2017 cause group of skin and subcutaneous conditions. Alopecia areata 

is an autoimmune disease that results in hair loss on the scalp and other parts of the body. Included in the GBD 

disease modelling were cases meeting ICD-10 diagnostic criteria for alopecia (ICD-10: L63).  

Input data 

Model inputs 

In the GBD 2016 study, a systematic review of the literature was conducted using PubMed to expand the GBD 

dataset (1980に2014) with new epidemiological data for Alopecia areata between 2014 and 2016. The inclusion 

criteria stipulated that studies (1) must provide data on the incidence or prevalence of alopecia areata; (2) must 

use samples representative of the general population (ie, samples derived from the experimental arm of clinical 

trials or based in dermatology clinics were excluded); (3) must use a sample size larger than 100; and (4) must 

provide sufficient information on study method and sample characteristics to assess the quality of the study. The 

agreed-upon approach for alopecia areata was to undertake a literature review every two years. Additionally, USA 

claims data from 2000 and 2010 through 2014 are included in this model.  
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Table 1. Site-years of data by different measures and geographical coverage 

 Prevalence Incidence  

Site-years (total) 329 1 

Number of countries with data 14 1 

Number of GBD regions with data (out of 21 regions) 10 1 

Number of GBD super-regions with data (out of 7 

super-regions 6 1 

 

Severity splits & disability weights 

The table below illustrates the sequelae, severity level, lay description, and disability weights associated with 

Alopecia areata. 

 

Table 2. Severity level and lay description 

Sequela Severity level Lay description DW (95% CI) 

Mild alopecia areata 

 

Disfigurement, level 1 

 

The individual has a slight, 

visible physical deformity 

that others notice, which 

causes some worry and 

discomfort. 

0.011 (0.005に0.021) 

 

Severe alopecia areata 

 

Disfigurement, level 2 

 

The individual has a visible 

physical deformity that 

causes others to stare and 

comment. As a result, the 

person is worried and has 

trouble sleeping and 

concentrating. 

0.067 (0.044に0.096) 

 

 

Modelling strategy 

DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and country for alopecia areata. We assumed 

zero excess mortality and remission priors implying a minimum duration of seven months. This was in line with 

the available epidemiological data, expert opinion, and previous GBD work. We used a time window of 20 years to 

determine which data points were used for a particular year of fit. 

Study-level covariates were used to adjust prevalence derived from US claims data for 2000 toward the level of 

other prevalence data, which were more representative of the general population. To improve estimation across 

all regions, the minimum global coefficient of variation was set at 0.1. In addition, significant sex differences were 

observed in the USA claims data, resulting in a higher prevalence in females compared to males, likely due to 

615



more females seeking health consultations for alopecia areata compared to males. To minimise this effect, we set 

the sex covariate to zero, but this had minimal impact on the global estimates.  

Table 3. Beta and exponentiated values 

Covariate type Covariate Parameter beta Exponentiated beta 

Study-level covariate Claims data に 2000 Prevalence -0.72 (-0.76 to -0.69) 0.48 (0.47に0.50) 
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Pruritus 
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Case definition 

Pruritus was included in the GBD 2017 cause group of skin and subcutaneous conditions. Pruritus (or itching) can 

be a symptom of a condition or disease. Included in the GBD disease modelling were cases meeting ICD-10 

diagnostic criteria for pruritus (ICD-10: L29).  

 

Input data 

Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for pruritus. The inclusion criteria stipulated that studies (1) must be published 

between 1980 and 2012; (2) must provide data on the incidence or prevalence of pruritus; (3) must use samples 

representative of the general population (ie, samples derived from the experimental arm of clinical trials or based 

in dermatology clinics were excluded); (4) must use a sample size larger than 100; and (5) must provide sufficient 

information on study method and sample characteristics to assess the quality of the study. The agreed-upon 

approach for pruritus was to undertake a literature review every two years. For GBD 2016, the GBD 2010 search 

strategy was replicated in PubMed to capture epidemiological studies published between 2013 and 2016. 

Additionally, USA claims data from 2000 and 2010 through 2014 were included. 
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Table 1. Site-years of data by different measures and geographic coverage 

 Prevalence 

Site-years (total) 311 

Number of countries with data 5 

Number of GBD regions with data (out of 21 regions) 3 

Number of GBD super-regions with data (out of 7 super-regions 2 

 

 

Severity splits  

The table below illustrates the severity level, lay description, and disability weight for pruritus. 

 

Table 2. Severity level and lay description 

Sequela Severity level Lay description DW (95% CI) 

Pruritus Disfigurement, level 1 

 

The individual has a slight, 

visible physical deformity 

that others notice, which 

causes some worry and 

discomfort. 

0.011 (0.005に0.021) 

 

 

Modelling strategy 
DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and country for pruritus.  

Per expert advice, remission was set from 0.2 to 1, implying a duration of three months to one years. We used a 

time window of 25 years to determine which data points were used for a particular year of fit.  

Study-level covariates were used to adjust prevalence derived from self-reported literature and USA claims data 

for 2000 toward the level of USA claims data 2010 through 2014, which were more representative of the general 

population.  

The data were extremely heterogeneous. Therefore, the random effects were constrained to (-0.2, 0.2) and 

lagged distributed income was used as a country-level covariate to guide estimates for countries with few or no 

data.  

Table 3. Beta and exponentiated values  

Covariate type Covariate Parameter beta Exponentiated beta 

Study-level covariate Self-reported Prevalence 

 

1.62 (0.93に1.99) 
5.04 (2.53に7.34) 
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Study-level covariate Claims data に 2000  Prevalence -0.74 (-0.77 to -0.71) 0.48 (0.46に0.49) 

Country covariate LDI (I$ per capita) Prevalence 

 

0.073 (-0.08 to 0.17) 
1.08 (0.92に1.19) 
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Case definition 

Urticaria was included in the GBD 2017 cause group of skin and subcutaneous conditions. Urticaria (hives) refers 

to a skin reaction that causes itchy, raised bumps. Included in the GBD disease modelling were cases meeting ICD-

10 diagnostic criteria for urticaria (ICD-10: L50).  

 

Input data 

Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for urticaria. The inclusion criteria stipulated that studies (1) must be published 

between 1980 and 2012; (2) must provide data on the incidence or prevalence of urticaria; (3) must use samples 

representative of the general population (ie, samples derived from the experimental arm of clinical trials or based 

in dermatology clinics were excluded); (4) must use a sample size larger than 100; and (5) must provide sufficient 

information on study method and sample characteristics to assess the quality of the study.  

The agreed-upon approach for urticaria was to undertake a literature review every two years. For GBD 2016, the 

GBD 2010 search strategy was replicated to capture epidemiological studies published between 2013 and 2016. 

Additionally, USA claims data from 2000 and 2010 through 2014 were included in the data used for GBD 2017.  

The table below illustrates the data inputs used in GBD 2017 by number of studies, geographic location, and 

prevalence/incidence. 

 

 

620



Table 1. Site-years of data by different measures and geographic coverage 

 Prevalence Incidence  

Site-years (total) 334 7 

Number of countries with data 
20 1 

Number of GBD regions with data (out of 21 regions) 
9 1 

Number of GBD super-regions with data (out of 7 

super-regions 6 1 

 

Severity splits & disability weights 

The table below illustrates the severity level, lay description, and disability weight for urticaria. 

 

Table 2. Severity level and lay descriptions 

Sequela Severity level Lay description DW (95% CI) 

Mild urticaria 

 

Disfigurement, level 1 

with itch/pain 

 

The person has a slight, 

visible physical deformity 

that is sometimes sore or 

itchy. Others notice the 

deformity, which causes 

some worry and 

discomfort. 

0.027 (0.015に0.042) 

 

Severe urticaria Disfigurement, level 2, 

with itch/pain 

 

The person has a visible 

physical deformity that is 

sore and itchy. Other 

people stare and 

comment, which causes 

the person to worry. The 

person has trouble 

sleeping and 

concentrating. 

0.188 (0.124に0.267) 

 

 

 

Modelling strategy 

DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and country for urticaria. 

The available data were mainly composed of prevalence estimates with a few incidence data points. For GBD 

2017, we made both prevalence and incidence estimates. We used a time window set to 25 years. We set excess 

mortality to zero and remission between 0.5 to 2, implying a duration between ½ and М years. In addition, 

location random effects were constrained to (-0.3, 0.3). USA claims data from year 2000 were adjusted toward 
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the most complete USA 2012 set. Specific data points were outliered if they were overestimates or 

underestimates in comparison to country, regional, and global patterns.   

The table below illustrates the covariate used in the modelling process, as well as associated parameters, beta, 

and exponentiated beta (confidence interval) values for GBD 2017. 

Table 3. Study covariate 

Covariate type Covariate Parameter beta 

Exponentiated 

beta 

Study-level covariate Claims data に 2000 Prevalence -0.22 (-0.24 to -0.2) 0.80 (0.79に0.82) 
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Case definition 

Decubitus ulcer was included in the GBD 2017 cause group of skin and subcutaneous conditions. Decubitus ulcer, 

also known as pressure ulcer/sore, is an injury to the skin and underlying tissue resulting from an obstruction of 

blood flow due to pressure on the skin. Included in the GBD modelling were cases meeting ICD-10 criteria for 

decubitus ulcer (ICD-10: L89) (1).  

Input data 
Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for decubitus ulcer. The inclusion criteria stipulated that studies (1) must be 

published between 1980 and 2012; (2) must provide data on the incidence or prevalence of decubitus ulcer; (3) 

must use samples representative of the general population (ie, samples derived from the experimental arm of 

clinical trials or based in dermatology clinics were excluded); (4) must use a sample size larger than 100; and (5) 

must provide sufficient information on study method and sample characteristics to assess the quality of the study. 

The data from literature were sparse but contained both prevalence and incidence estimates. For GBD 2013, the 

GBD 2010 search strategy was replicated to capture epidemiological studies published between 2012 and 2013. 

The available data were from high-income countries. Hospital inpatient, USA claims data from 2000 and 2010 

through 2014, and Taiwan claims data for 2016 were also used for GBD 2017. The final dataset also included 

cause-specific mortality rates for decubitus ulcer estimated by CODEm. Data were outliered or excluded if we 

found them unreasonable when compared to regional, super-regional, and global rates. 
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Table 1. Site-years of data by different measures and geographic coverage 

 Incidence  

Site-years (total) 1429 

Number of countries with data 41 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions 7 

 

Severity splits  

In line with GBD 2016, decubitus ulcer was assigned the disability weight, disfigurement with itch/pain, levels 1, 2, 

and 3. The disability weights used for GBD 2015 were based on disfigurement only.  

 

Table 2. Severity level and lay descriptions 

Sequela Severity level Lay description DW (95% CI) 

Mild decubitus ulcer 

 

Disfigurement, level 1 with 

itch/pain 

 

The person has a slight, 

visible physical deformity 

that is sometimes sore or 

itchy. Others notice the 

deformity, which causes 

some worry and 

discomfort. 

0.027 (0.015に0.042) 

 

Moderate decubitus ulcer 

 

Disfigurement, level 2, 

with itch/pain 

 

The person has a visible 

physical deformity that is 

sore and itchy. Other 

people stare and comment, 

which causes the person to 

worry. The person has 

trouble sleeping and 

concentrating. 

0.188 (0.124に0.267) 

 

Severe decubitus ulcer 

 

Disfigurement, level 3, 

with itch/pain 

 

The person has an obvious 

physical deformity that is 

very painful and itchy. The 

physical deformity makes 

others uncomfortable, 

which causes the person to 

avoid social contact, feel 

worried, sleep poorly, and 

think about suicide. 

0.576 (0.401に0.731) 
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Modelling strategy 

DisMod-MR 2.1 was used to estimate prevalence by age, sex, year, and geography (subnational [select countries], 

country, region, super-region) for decubitus ulcer. Per expert advice, remission was set from 3 to 4, implying a 

duration of three to four months. This was based on the assumption that remission does not change with 

treatment. These values were also in line with the available epidemiological data, expert opinion, and previous 

GBD work. The decubitus ulcer dataset was sufficiently large to make use of a relatively short time window of five 

years to determine which data points were used for a particular year of fit.  

Study-level covariates were used to adjust incidence derived from hospital inpatient data and USA claims data for 

2000 toward the level of other incidence data points, which were more representative of the general population. 

We excluded estimates less than 10E-6. Log-transformed lagged distributed income (LDI) was used as a country -

level covariate on excess mortality to guide estimates for countries with few or no data.  

 

Table 3. Beta and exponentiated values  

Study covariate  Parameter Beta Exp(beta) 

Hospital Inpatient Incidence 

-0.011 (-0.091 to -

0.000029) 
0.99 (0.91に1.00) 

Claims data に 2000 Incidence -0.26 (-0.29 to -0.22) 0.77 (0.75に0.81) 

 

Table 4 Location-level beta and exponentiated values 

Country-level covariate  Parameter Beta Exp(beta) 

LDI (log-transformed) Excess mortality rate -0.5 (-0.5 to -0.5) 0.61 (0.61に0.61) 
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Other skin and subcutaneous diseases 
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Case definition 

The other skin and subcutaneous diseases category encompassed a large group of skin conditions not captured in 

the other skin categories. We included cases meeting the following ICD-10 diagnostic criteria: other viral 

infections characterized by skin and mucous membrane lesions, not elsewhere classified (B08), unspecified viral 

infection characterized by skin and mucous membrane lesions (B09), pediculosis and phthiriasis (B85), myiasis 

(B87), other infestations (B88), sarcoidosis of skin (D86.3), porphyria cutanea tarda (E80.1), other and unspecified 

porphyria (E80.2), pemphigus (L10), other acantholytic disorders (L11), pemphigoid (L12), other bullous disorders 

(L13), bullous disorders in diseases classified elsewhere (L14), lichen simplex chronicus and prurigo (L28), 

pityriasis rosea (L42), lichen planus (L43), other papulosquamous disorders (L44), papulosquamous disorders in 

diseases classified elsewhere (L45), exfoliation due to erythematous conditions according to extent of body 

surface involved (L49), erythema multiforme (L51), erythema nodosum (L52), other erythematous conditions 

(L53), erythema in diseases classified elsewhere (L54), other acute skin changes due to ultraviolet radiation (L56), 

skin changes due to chronic exposure to nonionising radiation (L57), other disorders of skin and subcutaneous 

tissue related to radiation (L59), nail disorders (L60), nail disorders in diseases classified elsewhere (L62), 

androgenic alopecia (L64), other nonscarring hair loss (L65), cicatricial alopecia [scarring hair loss] (L66), hair color 

and hair shaft abnormalities (L67), hypertrichosis (L68), rosacea (L71), follicular cysts of skin and subcutaneous 

tissue (L72), other follicular disorders (L73), eccrine sweat disorders (L74), apocrine sweat disorders (L75), vitiligo 

(L80), other disorders of pigmentation (L81), seborrhoeic keratosis (L82), acanthosis nigricans (L83), corns and 

callosities (L84), other epidermal thickening (L85), keratoderma in diseases classified elsewhere (L86), 

transepidermal elimination disorders (L87), atrophic disorders of skin (L90), hypertrophic disorders of skin (L91), 
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granulomatous disorders of skin and subcutaneous tissue (L92), other localised connective tissue disorders (L94), 

vasculitis limited to skin, not elsewhere classified (L95), and other disorders of skin and subcutaneous tissue in 

diseases classified elsewhere (L99). 

Input data 

Model inputs 

In the GBD 2010 study, a systematic review of the literature was conducted using PubMed and Google Scholar to 

capture epidemiological data for skin diseases not captured in the other skin categories. The inclusion criteria 

stipulated that studies (1) must be published between 1980 and 2012; (2) must provide data on the incidence or 

prevalence; (3) must use samples representative of the general population (ie, samples derived from the 

experimental arm of clinical trials or based in dermatology clinics were excluded); (4) must use a sample size 

larger than 100; and (5) must provide sufficient information on study method and sample characteristics to assess 

the quality of the study. For GBD 2013, the GBD 2010 search strategy was replicated to capture epidemiological 

studies published between 2012 and 2013. Data from USA claims for 2000 and 2010 through 2014 by US state 

were included in GBD 2017 as well. Data were outliered or excluded if we found them unreasonable when 

compared to regional, super-regional, and global rates. 

Table 1. Site-years of data by different measures and geographic coverage 

 Prevalence 

Site-years (total) 306 

Number of countries with data 1 

Number of GBD regions with data (out of 21 regions) 1 

Number of GBD super-regions with data (out of 7 super-regions 1 

 

Severity split & disability weight 

Skin and other subcutaneous diseases were assigned the disability weight for disfigurement level 1.  

 

Table 2. Severity level and lay description  

Sequela Severity level Lay description DW (95% CI) 

Asymptomatic other skin 

and subcutaneous 

diseases 

Asymptomatic  0 

Symptomatic other skin 

and subcutaneous 

diseases 

 

Disfigurement, level 1 

 

The person has a slight, 

visible physical deformity 

that others notice, which 

causes some worry and 

discomfort. 

0.011 (0.005に0.021) 
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Modelling strategy 

 

DisMod-MR 2.1, a Bayesian meta-regression tool, was used to estimate prevalence by age, sex, year, and 

geography (subnational [select countries], country, region, super-region) for skin and other subcutaneous 

diseases.  

We assumed remission of one, implying a duration of 12 months. Similar to GBD 2016, we used a time window of 

25 years to determine which data points were used for a particular year of fit. 

Study-level covariates, which were used to adjust prevalence, were derived from USA claims data for 2000 toward 

the level of other prevalence data, which were more representative of the general population. In addition, log-

transformed lagged distributed income was used as a country-level covariate to guide estimates for countries 

with few or no data.   

 

Table 3. Study-level beta and exponentiated values 

Covariate Parameter Beta Exp(beta) 

Claims data に 2000 Prevalence -0.28 (-0.29 to -0.27) 0.76 (0.75に0.77) 

 

Table 4. Location-level beta and exponentiated values 

Covariate Parameter Beta Exp(beta) 

LDI (log-transformed) Prevalence 0.28 (0.25に0.30) 1.33 (1.28に1.35) 
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Other sense organ diseases 
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Case definition 

Other sense organ disease is a residual cause capturing both acute and chronic conditions that do not 

map to other causes, but lead to non-trivial morbidity. These include the following ICD codes: 077, 360, 

364, 370-77, 379, 380, 386, and 388, which encompass a plethora of eye and ear disorders and 

conditions. 

077 Other diseases of conjunctiva due to viruses and chlamydiae 

360 Disorders of the globe 

364 Disorders of iris and ciliary body 

370-77 Keratitis, Corneal opacity and other disorders of cornea, Disorders of 

conjunctiva, Inflammation of eyelids,  Other disorders of eyelids, Disorders 

of lacrimal system, Disorders of the orbit, Disorders of optic nerve and 

visual pathways 

379 Other disorders of eye 

380 Disorders of external ear 

386 Vertiginous syndromes and other disorders of vestibular system 

388 Other disorders of ear 

 

Input data 
 Model inputs 
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For GBD 2017, we used USA claims data to model other sense organ diseases, since these conditions 

would not appear in inpatient hospital data. ICD-9 codes were assigned at the five-digit level to either 

acute or chronic conditions as listed elsewhere in the Appendix table 4.  

The tables below show the number of site-years of data included in GBD 2017, as well as the number of 

countries, regions, and super-regions represented. 

Acute other sense organ disease 

  Incidence 

Site-years (total) 357 

Number of countries with data 1 

Number of GBD regions with data (out of 21 regions) 1 

Number of GBD super-regions with data (out of 7 super-regions) 1 

 

Chronic other sense organ disease 

  Prevalence 

Site-years (total) 357 

Number of countries with data 1 

Number of GBD regions with data (out of 21 regions) 1 

Number of GBD super-regions with data (out of 7 super-regions) 1 

 

 Changes to input data for GBD 2017 

Changes in how we processed MarketScan data for GBD 2017 had a significant effect on chronic other 

sense organ disease. For GBD 2017, a symptomatic case of chronic other sense organ disease was defined 

as a person who had at least one inpatient visit or two visits (either outpatient or inpatient) that were 

coded to other sense organ disease. In GBD 2016, one visit (either outpatient or inpatient) would have 

sufficed to define a case of chronic other sense organ disease. The changes led to a significant drop in the 

prevalence, and therefore the burden, of chronic other sense organ disease in GBD 2017 versus GBD 

2016. 

 Severity splits & disability weights 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. Severity splits for other sense organ diseases were 

calculated via the Medical Expenditure Panel Survey (MEPS) regression and outlined in the table below. 

Fﾗヴ GBD ヲヰヱΑが ┘W Iｴ;ﾐｪWS さゲW┗WヴW IｴヴﾗﾐｷI ﾗデｴWヴ ゲWﾐゲW ﾗヴｪ;ﾐ SｷゲW;ゲWゲざ デﾗ HW さﾏﾗSWヴ;デW IｴヴﾗﾐｷI ﾗデｴWヴ 
ゲWﾐゲW ﾗヴｪ;ﾐ SｷゲW;ゲWゲざ ;ﾐS さﾏﾗSWヴ;デW IｴヴﾗﾐｷI ﾗデｴWヴ ゲWﾐゲW ﾗヴｪ;ﾐ SｷゲW;ゲWゲざ デﾗ HW さﾏｷﾉS IｴヴﾗﾐｷI ﾗデｴWヴ 
sense organ SｷゲW;ゲWゲざ ;ゲ ┘W aWﾉデ デｴ;デ さﾏｷﾉSざ ;ﾐS さﾏﾗSWヴ;デWざ ﾏﾗヴW ;II┌ヴ;デWﾉ┞ SWゲIヴｷHWS デｴW ｴW;ﾉデｴ ゲデ;デWゲ 
of the chronic other sense organ disease sequela.  

Chronic:  

Severity Proportion  Health state Disability weight 

Mild 0.37 (0.30に0.42) This person has slight 

physical deformity which 
0.011 (0.005に0.021) 
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causes some worry and 

discomfort 

Moderate 0.21 (0.15に0.28) Vertigo 0.113 (0.074に0.158) 

Asymptomatic 0.42 (0.41に0.44) Asymptomatic N/A 

Acute 

Severity Proportion  Health state Disability weight 

Mild 0.30 (0.23に0.37) This person has low fever 

and mild discomfort but 

no difficulty with daily 

activities  

0.006 

(0.002に0.012) 

Moderate 0.25 (0.18に0.32) This person has slight 

physical deformity which 

causes some worry and 

discomfort 

0.011 (0.005に0.021) 

Asymptomatic 0.45 (0.43に0.46) Asymptomatic N/A 

 

Modelling strategy  

For GBD 2017, hospital data were extracted separately for the chronic and acute conditions included in 

other sense organ diseases. The chronic data were extracted as prevalence, and acute as incidence. We 

then ran two separate DisMod-MR 2.1 models. In both models, to correct for systematically lower data 

from 2000 MarketScan claims, we used a study-level covariate to crosswalk the 2000 data. Since the only 

data source is from the United States, we did not use any country-level covariates in this model.  

 

We then aggregated chronic and acute prevalence outputs, resulting in the prevalence of other sense 

organ diseases by country, age, year, and sex.  
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Rheumatoid arthritis 
 

Flowchart 

Case definition 

Rheumatoid arthritis (RA) is a systemic autoimmune disorder that causes pain and swelling of the joints.  

While RA is known to affect internal organs in addition to the joints, these extra-articular effects are not 

factored into the disability weights (DW) used in GBD. The reference case definition for rheumatoid 

arthritis is based on the 1987 criteria by the American College of Rheumatology (ACR 1987)1 which 

stipulate seven diagnostic criteria, of which four need to be satisfied for a diagnosis. Criteria 1 through 4 

must have been present for at least six weeks (see table below). For RA, ICD-10 codes are M05, M06, and 

M08, and ICD-9 codes are 714.0に714.9.  

Input data 

 Model inputs 

For GBD 2010, a systematic review of the prevalence of RA throughout the world was conducted. Ovid 

MEDLINE, EMBASE, CINAHL, CAB abstracts, WHOLIS, and SIGLE databases were searched using the 

following search terms: (rheumatoid arthritis OR rheumatic disease* OR rheumatism) AND (prevalen* OR 

inciden* OR cross-sectional OR cross sectional OR epidemiol* OR survey OR population-based OR 

population based OR population study OR population sample OR cohort OR follow-up OR follow up OR 

longitudinal OR regist* OR data collection). Opportunistically, we added scientific literatures and 

population surveys encountered for GBD 2015 and GBD 2016. The most recent PubMed search was 

conducted in GBD 2017 using the following search terms: ("Arthritis, Rheumatoid"[Mesh] AND 

("Prevalence"[Mesh] OR "Incidence"[Mesh])) NOT (Meta-Analysis[ptyp] OR Letter[ptyp] OR Editorial[ptyp] 

OR Case Reports[ptyp] OR Review[ptyp] OR Controlled Clinical Trial[ptyp]) AND ("2013/01/01"[PDAT] : 

"2018/1/10"[PDAT]. An age and sex split were applied to extracted data. 

The exclusion criteria were: 

1. Studies clearly not representative of the national population 
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2. Studies that were not population-based, eg, hospital or clinic-based studies 

3. Studies that did not provide primary data on epidemiological parameters, eg, a 

commentary piece 

4. Studies of a specific type of RA, eg, seropositive RA 

5. Studies with a sample size of less than 150 

6. Reviews 

 

The table below shows the number site-years of literature studies included in GBD 2017, as well as the 

number of countries, GBD regions, and GBD super-regions represented. 

 Prevalence Incidence Other 

Site-years (total) 499 151 20 

Number of countries with data 42 14 9 

Number of GBD regions with data (out of 21 regions) 16 6 5 

Number of GBD super-regions with data (out of 7 super-regions) 7 4 3 

 

In addition, data from US claims data for 2000 and 2010に2014 by US state and Taiwan claims for 2016 

were included. We decided not to use hospital inpatient data as we considered they would not be 

representative of true prevalence and that variation between countries in the proportion of true 

prevalent cases captured in hospital inpatient data systems would likely vary more than can be captured 

by a single crosswalk in DisMod-MR 2.1. We compared the rates of RA in the outpatient data from 

Norway, Sweden, Canada, and the USA and found implausibly large differences with the rates from the 

claims data. The USA outpatient rates were half the value of the claims data and those for the other 

countries much lower still. For those reasons we decided not to use the outpatient data. 

 Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for RA severity 

levels are shown below. 

Severity level Lay description DW (95% CI) 

Mild  This person has moderate pain and stiffness in the arms 

and hands which causes difficulty lifting, carrying, and 

holding things, and trouble sleeping because of the pain. 

0.117 (0.080に0.163) 

Moderate This person has pain and deformity in most joints, 

causing difficulty moving around, getting up and down, 

and using the hands for lifting and carrying. The person 

often feels fatigue. 

0.317 (0.216に0.440) 

Severe This person has severe, constant pain, and deformity in 

most joints, causing difficulty moving around, getting up 

and down, eating, dressing, lifting, carrying, and using the 

hands. The person often feels sadness, anxiety, and 

extreme fatigue. 

0.581 (0.403に0.739) 
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The severity distributions are derived from an analysis of the Medical Expenditure Panel Surveys (MEPS) 

in the USA. MEPS is an overlapping continuous panel survey of the United States non-institutionalised 

population whose primary purpose is to collect information on how they use health services and cost of 

health care. Panels are two years long and in five rounds, which are conducted every five to six months. A 

new panel begins annually, while the last panel is in its second year 

(http://www.meps.ahrq.gov/survey_comp/hc_data_collection.jsp). Each panel typically contains about 

30,000 to 35,000 individual respondents.  

MEPS was initiated in 1996 but only began collecting health status data in the form of 12-Item Short Form 

Survey (SF-12) responses in 2000. For GBD 2016 we used data from 2000に2014. Respondents self-

administer the SF-12 twice per panel, at rounds two and four, typically about a year apart. Only adults 18 

years and older completed the SF-12. MEPS also usually collects information on diagnoses based on self-

report of reasons for encounters with health services. In addition, diagnoses are derived through 

;SSｷデｷﾗﾐ;ﾉ ケ┌Wゲデｷﾗﾐゲ ﾗﾐ さヮヴﾗHﾉWﾏゲ デｴ;デ HﾗデｴWヴ ┞ﾗ┌ざ ﾗヴ IﾗﾐSｷデｷﾗﾐゲ デｴ;デ ﾉWS デﾗ さSｷゲ;Hｷﾉｷデ┞ S;┞ゲがざ ｷWが S;┞ゲ ﾗ┌デ 
of role due to illness. Professional coders translate the verbatim text into three-digit ICD-9 codes. The 

main reason for other MSK being measured in MEPS relates to health care contact.  

In order to derive a crosswalk of SF-12 values into a scale comparable with that used by the GBD  

disability weights, small studies on convenience samples were conducted asking respondents to fill in SF-

12 to reflect 62 lay descriptions of diverse severity that were used to derive the GBD disability weights. 

From these responses a relationship between SF-12 summary score and the GBD DWs was derived. With 

regression methods, average disability weights were calculated for each of 156 conditions for which there 

were corresponding diagnoses in MEPS, while controlling for any comorbid other condition by adding 

dummy variables for each condition.  

 

Modelling strategy 

Prior settings in the DisMod model included setting remission to 0 に 0.02 for ages up to 65 and 0 に 0.05 

for ages 65+. It was assumed that there was no incidence or prevalence of RA before the age of 5 years.  

Data from all sources were re-extracted to better reflect the range of case definitions. We set the 

American College of Rheumatology (ACR) 1987 criteria1 as the reference. We marked studies using the 

Rome 1961,2 American Rheumatology Association (ARA) 1958,3 or European League against Rheumatism 

(EULAR)4 IヴｷデWヴｷ; ┘ｷデｴ ; ゲｷﾐｪﾉW ゲデ┌S┞ Iﾗ┗;ヴｷ;デW さﾐﾗﾐ-AC‘ぱヱΓΒΑざ ;ゲ デｴere were inadequate studies with 

each alternative classification system to do separate crosswalks. 

Additional study covariates were created for studies using administrative health system data sources; for 

studies covering regional rather than (sub)-nationally representative populations; and for USA 

MarketScan data in 2000. 

We used the function in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our 

CODEm and CODcorrect analyses and match them with prevalence data points for the same geography 

and study year to estimate priors on excess mortality rates (by dividing CSMR by prevalence). In GBD 

2017, CSMR data include the age groups 80-84, 85-89, 90-94, and 95+ years. 
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We retained just two RA diagnosis criteria and MarketScan data in 2000 as x-cov (ie, based on a 

significant coefficient indicating evidence of a systematic bias). Betas and exponentiated values (which 

can be interpreted as an odds ratio) for these covariates are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

RA criteria other than ACR 1987 Prevalence 0.093 1.10 (0.85に1.27) 

RA diagnosis from admin data Prevalence -0.07 0.93 (0.72に1.07) 

MarketScan-2000 Prevalence -0.31 0.73 (0.72に0.75) 

 

 

The non-representative covariates were used as z-cov, meaning that DisMod estimates a value that gets 

added to the standard deviation of data points to reflect that these were not estimated according to our 

reference case definition/study method. 
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Osteoarthritis 
 

Flowchart 
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Case definition 

The osteoarthritis (OA) reference case definition is symptomatic osteoarthritis of the hip or knee 

radiologically confirmed as Kellgren-Lawrence grade 2-4. Grade 2 symptomatic requires one defined 

osteophyte in hip or knee and pain for at least one month out of the last 12. Grade 3-4 symptomatic 

requires osteophytes and joint space narrowing in hip or knee with deformity also present for grade 4, 

and pain for at least one month out of the last 12 months. 

OA is the most common form of arthritis, involving inflammation and breakdown of joints. For the 

purposes of OA estimates for this GBD study, only hip and knee sites were reviewed. The hip and knee are 

the common sites of OA in the larger joints and are considered to produce the greatest disability. Failure 

of these joints can lead to need for joint replacement surgery, if available, and thus contributes to a 

significant proportion of the high direct health care costs attributable to arthritis. OA of the spine is also 

common; however, it was considered that any symptoms and disability related to the cervical and/or 

lumbar spine would be captured in the estimates of low back pain and neck pain. Hand OA involving the 

fingers and thumbs is another common site for OA, but as it often overlaps with knee OA and could also 

be captured in the さOther musculoskeletal disordersざ category, it was not considered as a separate entity 

in these GBD OA estimates.  

ICD-10 codes for OA of the hip and knee are M16 and M17, respectively. The ICD-9 code for OA is 715, 

without specific codes for hip and knee sites. 

 

Input data 

 Model inputs 
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A systematic review of the prevalence, incidence, and mortality of OA was performed for the years 1980 

to 2009 on MEDLINE, EMBASE, CINAHL, CAB Abstracts, WHO Library (WHOLIS) and OpenSIGLE for 

GBD2010. For prevalence and incidence, the following search terms were used: (osteoarth* OR 

gonarthr*) AND (prevalen* OR inciden* OR cross-sectional OR cross sectional OR epidemiol* OR survey 

OR population-based OR population based OR population study OR population sample OR cohort OR 

follow-up OR follow up OR longitudinal OR regist*) AND (list of names of all GBD countries). For mortality, 

the following search terms were used: (osteoarth* OR gonarthr*) AND (Mortality OR death OR 

standardised mortality ratio OR standardized mortality ratio OR case fatality OR cross-sectional OR cross 

sectional OR epidemiol* OR survey OR population-based OR population based OR population study OR 

population sample OR cohort OR follow-up OR follow up OR longitudinal OR regist*) AND (list of names of 

all GBD countries). 

Exclusion criteria were: 

1. Sub-populations clearly not representative of the national population 

2. Not a population-based study 

3. Low sample size (less than 150) 

4. Review rather than original studies 

The most recent PubMed search was conducted for studies published between 2013 and 2017 using the 

above search terms. We identified 1,864 articles and extracted data from 26. These studies were from 19 

locations: Australia, Brazil, Canada, China, Ecuador, Egypt, India, Iran, United Kingdom, France, Japan, 

United States, Mongolia, Portugal, Spain, Mexico, Turkey, Venezuela, and Vietnam. 

Figure 1: PRISMA diagram of osteoarthritis systematic review from 2013に2017 
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We decided not to use hospital inpatient data as we considered it would not be representative of true 

prevalence, and that variation between countries in the proportion of true prevalent cases captured in 

hospital inpatient data system would likely vary more than can be captured by a single crosswalk in 

DisMod-MR 2.1. In addition, data from USA claims data for 2000 and 2010に2014 by state and Taiwan 

claims data from 2016 were included. The table below shows the number of literature studies included in 

GBD 2017 for OA に knee and OA に hip, as well as the number of countries or subnational units and GBD 

world regions represented. 

OA に knee 

 Incidence Prevalence 

Site-years (total) 5 395 

Number of countries with data 4 26 

Number of GBD regions with data (out of 21 regions) 2 12 

Number of GBD super-regions with data (out of 7 super-

regions) 1 7 

 

OA に hip 

 Incidence Relative risk Prevalence 

Site-years (total) 5 2 350 

Number of countries with data 3 2 24 

Number of GBD regions with data (out of 21 regions) 2 2 9 

Number of GBD super-regions with data (out of 7 super-

regions) 1 2 6 

 

 Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for OA severity 

levels are shown below. 

Severity level Lay description DW (95% CI) 

Asymptomatic  0 

Mild  This person has pain in the leg, which causes some 

difficulty running, walking long distances, and getting up 

and down. 

0.023 (0.013に0.037) 

Moderate This person has moderate pain in the leg, which makes 

the person limp, and causes some difficulty walking, 

standing, lifting and carrying heavy things, getting up and 

down, and sleeping. 

0.079 (0.054に0.110) 

Severe This person has severe pain in the leg, which makes the 

person limp and causes a lot of difficulty walking, 

standing, lifting and carrying heavy things, getting up and 

down, and sleeping. 

0.165 (0.112に0.232) 
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To determine the proportion of people with OA within each of the severity levels, four studies from three 

regions provided information on the severity of OA. Severity was classified based on the Western Ontario 

and McMaster Universities Arthritis Index (WOMAC) with scores 0-5 taken as mild, 6-13 as moderate, and 

14 and higher as severe. Estimates were pooled across studies using a random effects meta-analysis 

model. The pooled percentages were mild 47.0% (42.2に51.9), moderate 35.9% (31.3に40.7), and severe 

17.1% (12.9に21.6) pooled between patient and physician ratings in a study from Bangladesh, which we 

apply to low- and middle-income countries. The pooled proportions from three high-income countries 

were mild 74.3% (64.8に82.7), moderate 24.3% (16.4に33.1), and severe 1.1% (0.6に1.7). After streaming 

out 1,000 draws assuming a binomial distribution, percentages were scaled to sum to 1 at each draw.  

Data processing 

MarketScan data reported all osteoarthritis in 2000 and 2010に2014. We used data from NHANES I to 

estimate the proportion of osteoarthritis that is hip and knee, by sex. NHANES I was the only NHANES 

cycle that diagnosed and reported osteoarthritis by hip and knee using radiologically confirmed diagnoses 

and self-reported pain. The figure below shows the fraction of osteoarthritis cases that are knee and hip. 

We applied this fraction to the MarketScan data to calculate the prevalence of osteoarthritis of hip and 

osteoarthritis of knee.  

 

Modelling strategy 

Prior settings in the DisMod model included setting remission to 0, and it was assumed that there was no 

incidence or prevalence of OA before the age of 30 years. We assumed in the final model that excess 

mortality is zero. While there are some data on excess mortality risk, the values of hazard ratios or 

standardised mortality ratios are close to one, with some studies reporting mean estimates less than one.  

We used study covariates for studies that reported on X-rays only, self-reported OA with pain, or self-

reported OA with no information on pain. There were studies that identified cases of osteoarthritis 

through a review of medical charts. We assumed that these cases were diagnosed by X-ray. For each of 

these covariates we estimated the crosswalk prior to DisMod comparing like geographies, which had data 
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according to the reference case definition and the alternative. In DisMod we set bounds with an upper 

and lower limit. We added covariates for each of three years of claims data in the USA. Betas and 

exponentiated values (which can be interpreted as an odds ratio) for these covariates are shown in the 

table below: 

Study covariate Parameter OA hip OA knee 

beta Exponentiated 

beta 

beta Exponentiated 

beta 

Self-reported OA 

with pain 

Prevalence 1.08            

(1.08に1.08) 

2.94             

(2.94に2.94) 

0.87                    

(0.87に0.87) 

2.38             

(2.38に2.38) 

Radiography only Prevalence 1.44                    

(1.44に1.44) 

4.22             

(4.22に4.22) 

0.62                    

(0.62に0.62) 

1.87             

(1.87に1.87) 

USA Claims data に 

2000 

Prevalence -1.94                   

(-2 to -1.83) 

0.14             

(0.14に0.16) 

-1.7                      

(-1.93 to -1.51) 

0.18             

(0.15に0.22) 

USA Claims data に 

2010に2014 

Prevalence -1.42                   

(-1.69 to -1.31) 

0.24             

(0.18に0.27) 

-1.13                   

(-1.35 to -0.94) 

0.32             

(0.26に0.39) 

Taiwan Claims 

data に 2016 

Prevalence -2                          

(-2 to -1.98) 

0.14             

(0.14に0.14) 

-2                        

(-2 to -1.99) 

0.14             

(0.14に0.14) 

Mean BMI Prevalence 0.91                    

(0.75に1.00) 

2.49             

(2.11に2.71) 

0.99                    

(0.95に1.00) 

2.68             

(2.59に2.72) 

Radiography only Incidence 0.90                    

(0.80に1.00) 

2.46             

(2.23に2.72) 

0.62                    

(0.62に0.62) 

1.87             

(1.87に1.87) 
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Low back pain (LBP) 
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Case definition 

Low back pain (LBP) is defined as low back pain (with or without pain referred into one or both lower 

limbs) that lasts for at least one day. The さlow backざ is defined as the area on the posterior aspect of the 

body from the lower margin of the twelfth ribs to the lower gluteal folds. 

ICD-10 codes for LBP are M54.3, M54.4 and M54.5. The ICD-9 code is 724. 

 

Input data 
 Model inputs 

Ovid Medline, EMBase, and CINAHL electronic databases were searched in PUBMED through October 

2017 for GBD 2017. TｴWヴW ┘WヴW ﾐﾗ ;ｪWが ゲW┝が ﾗヴ ﾉ;ﾐｪ┌;ｪW ヴWゲデヴｷIデｷﾗﾐゲく TｴW デWヴﾏゲ さH;Iﾆ ヮ;ｷﾐがざ さﾉ┌ﾏH;ヴ 
ヮ;ｷﾐがざ さH;Iﾆ ;IｴWがざ さH;Iﾆ;IｴWがざ ;ﾐS さﾉ┌ﾏH;ｪﾗざ ┘WヴW ┌ゲWS ｷﾐSｷ┗ｷS┌;ﾉﾉ┞ ;ﾐS IﾗﾏHｷﾐWS with each of the 

aﾗﾉﾉﾗ┘ｷﾐｪぎ さヮヴW┗;ﾉWﾐIWがざ さｷﾐIｷSWﾐIWがざ さIヴﾗゲゲ-ゲWIデｷﾗﾐ;ﾉがざ ;ﾐS さWヮｷSWﾏｷﾗﾉﾗｪ┞.ざ  

Exclusion criteria were: 

1. Sub-populations clearly not representative of the national population 

2. Not a population-based study 

3. Low sample size (less than 150) 

4. Review rather than original studies 
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Figure 1: PRISMA diagram of low back pain systematic review from 2016に2017 

 

Additional information was derived from unit record data of surveys in the GHD┝が GBDげゲ ヴWヮﾗゲｷデﾗヴ┞ ﾗa 
population health data including the World Health surveys and national health surveys. Opportunistically, 

additional studies encountered during data review were added for GBD 2017. In addition, data from USA 

claims data for 2000, 2010に2012, and 2014 by state and Taiwan claims data from 2016 were included. 

The table below shows the number of literature studies included in GBD 2017, as well as the number of 

countries and GBD world regions represented. 

 

 Incidence Prevalence Remission 

Site-years (total) 4 741 4 

Number of countries with data 2 102 2 

Number of GBD regions with data (out of 21 regions) 1 20 1 

Number of GBD super-regions with data (out of 7 super-

regions) 1 7 1 

 

 Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for LBP severity 

levels are shown below. 

Severity level Lay description DW (95% CI) 

Low back pain, 

mild 
This person has mild back pain, which causes some difficulty 

dressing, standing, and lifting things. 
0.020 (0.011に0.035) 

Low back pain, 

moderate 
This person has moderate back pain, which causes difficulty 

dressing, sitting, standing, walking, and lifting things. 
0.054 (0.035に0.079) 
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Low back pain, 

severe without 

leg pain 

This person has severe back pain, which causes difficulty 

dressing, sitting, standing, walking, and lifting things. The 

person sleeps poorly and feels worried. 

0.272 (0.182に0.373) 

Low back pain, 

severe with leg 

pain 

This person has severe back and leg pain, which causes 

difficulty dressing, sitting, standing, walking, and lifting things. 

The person sleeps poorly and feels worried. 

0.325 0.219に0.446) 

Low back pain, 

most severe 

without leg pain 

This person has constant back pain, which causes difficulty 

dressing, sitting, standing, walking, and lifting things. The 

person sleeps poorly, is worried, and has lost some enjoyment 

in life. 

0.372 (0.250に0.506) 

Low back pain, 

most severe 

with leg pain 

This person has constant back and leg pain, which causes 

difficulty dressing, sitting, standing, walking, and lifting things. 

The person sleeps poorly, is worried, and has lost some 

enjoyment in life. 

0.384 (0.256に0.518) 

 

The severity distributions are derived from an analysis of the Medical Expenditure Panel Surveys (MEPS) 

in the USA. MEPS is an overlapping continuous panel survey of the United States non-institutionalised 

population whose primary purpose is to collect information on the use and cost of health care. Panels are 

two years long and are conducted in five rounds, which are conducted every five to six months. A new 

panel begins annually, while the last panel is in its second year. Each panel typically contains about 30,000 

to 35,000 individual respondents. (http://www.meps.ahrq.gov/survey_comp/hc_data_collection.jsp) 

MEPS was initiated in 1996 but only began collecting health status data in the form of SF-12 responses in 

2000. For GBD 2017 we used data from 2000に2014. Respondents self-administer the SF-12 twice per 

panel, at rounds 2 and 4, typically about a year apart. Only adults 18 years and older completed the SF-

12. MEPS also usually collects information on diagnoses based on self-report of reasons for encounters 

with health services. In addｷデｷﾗﾐが Sｷ;ｪﾐﾗゲWゲ ;ヴW SWヴｷ┗WS デｴヴﾗ┌ｪｴ ;SSｷデｷﾗﾐ;ﾉ ケ┌Wゲデｷﾗﾐゲ ﾗﾐ さヮヴﾗHﾉWﾏゲ デｴ;デ 
HﾗデｴWヴ ┞ﾗ┌ざ ﾗヴ IﾗﾐSｷデｷﾗﾐゲ デｴ;デ ﾉWS デﾗ さdisability days,ざ ie, days out of role due to illness. Professional 

coders translate the verbatim text into three-digit ICD-9 codes. The main reason for LBP being measured 

in MEPS relates to health care contact. From MEPS, the severity distribution for LBP without leg pain and 

with leg pain were derived as shown in the below table. 

 

Severity level Distribution without leg pain Distribution with leg pain 

Low back pain, mild 0.41 (0.31に0.53) 0.27 (0.19に0.37) 

Low back pain, moderate 0.35 (0.25に0.44) 0.36 (0.28に0.43) 

Low back pain, severe  0.10 (0.08に0.12) 0.14 (0.10に0.16) 

Low back pain, most severe  0.14 (0.09に0.20) 0.23 (0.15に0.32) 

 

We used USA claims data (2012) to derive the proportion of cases with low back pain who report leg pain.  

The proportions were different by age group as shown in Figure 1. The proportion in each severity level in 

each age group is calculated by multiplying the proportion in the severity level and the proportion with or 

without leg pain. 
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Figure 1: Proportion of LBP with leg pain 

 
 

Age (years) Proportion with leg pain 

5に9 9.4 (9.1に9.8) % 

10に14 10.9 (10.7に11.1) % 

15に19 15.9 (15.8に16.1) % 

20に24 23.2 (23.0に23.4) % 

25に29 28.8 (28.6に28.9) % 

30に34 31.4 (31.3に31.6) % 

35に39 33.1 (32.9に33.2) % 

40に44 34.3 (34.2に34.4) % 

45に49 35.5 (35.4に35.6) % 

50に54 36.4 (36.3に36.5) % 

55に59 37.1 (37.0に37.2) % 

60に64 37.4 (37.3に37.5) % 

65に69 37.1 (36.9に37.3) % 

70に74 36.5 (36.4に36.7) % 

75に79 35.0 (34.8に35.2) % 

80に84 32.1 (31.9に32.4) % 

85に89 28.3 (28.0に28.5) % 

90に94 23.7 (23.2に24.2) % 

95に100 19.2 (18.2に20.2) % 

 

 

Modelling Strategy 

Prior settings in the DisMod model included setting excess mortality to 0, and it was assumed that there 

was no incidence or prevalence of low back pain before the age of 5 years.  

We used study covariates for studies that reported a too broad anatomical region, episode duration of 

greater than three months, recall periods of one week to one month, recall periods between two months 

and one year, activity-limiting LBP, and studies conducted among schoolchildren or otherwise non-
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representative samples as studies covering regional rather than (sub)-nationally representative 

populations. The mean and standard error for the coefficient of the covariate of studies among 

schoolchildren population were calculated and used for a constraint in DisMod. The other covariates have 

their coefficients constraint by reasonable ranges in the direction whether they increased or decreased 

the estimates. We added covariates for each of three years of claims data in the USA. Betas and 

exponentiated values (which can be interpreted as an odds ratio) for these two covariates are shown in 

the table below: 

Study covariate Parameter beta Exponentiated beta1 

Anatomical region too broad Prevalence 0.0010 (0.00033に0.0026) 1.00 (1.00に1.00) 

Episode duration >= 3 

months 

Prevalence -0.75 (-0.81 to -0.69) 0.47 (0.45に0.50) 

Recall periods of 1 week to 1 

month 

Prevalence 0.54 (0.51に0.58) 1.72 (1.66に1.79) 

Recall periods between 2 

months and one year 

Prevalence 0.66 (0.58に0.71) 1.93 (1.78に2.03) 

Studies among school 

children 

Prevalence 0.49 (0.45に0.54) 1.64 (1.57に1.72) 

Activity-limiting LBP Prevalence -0.92 (-0.97 to -0.88) 0.40 (0.38に0.42) 

USA claims data に 2000 Prevalence -0.85 (-1.02 to -0.77) 0.43 (0.36に0.46) 

USA claims data に 2010に
2012, 2014 

Prevalence -0.31 (-0.49 to -0.23) 0.74 (0.61に0.80) 

1 interpretation examples: in DisMod-MR 2.1 activity limiting LBP data points showed a systematic bias downward and were 

adjusted up by dividing by 0.40, while data points of recall greater than two months were adjusted downward dividing by 1.93. 

We included the SEV scalar for low back pain as a country covariate. This combines the exposure 

measures for risks estimated to impinge on LBP in GBD: occupational ergonomic exposure and increased 

BMI. We set bounds of 0.75 to 1.25 as the SEV is constructed in a way that if our risk estimates are 

accurate the value should be 1. 
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Neck pain (NP) 
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Case definition 

Neck pain (NP) was defined as: neck pain (+/- pain referred into the upper limb(s)) that lasts for at least 

one day.  

ICD-10 code for neck pain is M54.2. The ICD-9 code is 723.1. 

 

Input data 

 Model inputs 

Ovid MEDLINE, EMBASE, CINAHL, CAB abstracts, WHOLIS, and SIGLE databases were searched for GBD 

2010 and PUBMED was searched through October 2017 for GBD 2017. There were no age, sex, or 

language restrictions. The terms neck pain, neck ache, neckache, and cervical pain individually and 

combined with each of the following terms: prevalen*, inciden*, cross-sectional, cross sectional, 

epidemiol*, survey, population-based, population based, population study, population sample.  

Exclusion criteria were: 

1. Sub-populations clearly not representative of the national population 

2. Not a population-based study 

3. Studies on a specific type of neck pain (eg, following neck fracture) 

4. Low sample size (less than 150) 

5. Review rather than original studies 
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Figure 1: PRISMA diagram of neck pain systematic review from 2016に2017 

 

Additional information was derived from unit record data of surveys in the GHD┝が GBDげゲ ヴWヮﾗゲｷデﾗヴ┞ ﾗa 
population health data including National Health and Nutrition Examination Survey (NHANES) and 

National Health Interview Survey (NHIS) in the USA. In addition, data from USA claims data for 2000 and 

2010に2014 by state and Taiwan claims data from 2016 were included. The table below shows the number 

of studies and surveys included in GBD 2017, as well as the number of countries and GBD world regions 

represented. 

 

 

Prevalence Remission 

Site-years (total) 388 1 

Number of countries with data 23 1 

Number of GBD regions with data (out of 21 regions) 11 1 

Number of GBD super-regions with data (out of 7 super-

regions) 6 1 

 

 Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for neck pain 

severity levels are shown below. 

Severity level Lay description DW (95% CI) Proportions 

Neck pain, 

mild  
This person has neck pain, and has difficulty 

turning the head and lifting things 
0.052 (0.036に0.074) 0.67 (0.57に0.75) 

Neck pain, 

moderate 
This person has constant neck pain, and has 

difficulty turning the head, holding arms up, and 

lifting things 

0.112 (0.079に0.162) 0.12 (0.08に0.19) 
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Neck pain, 

severe  
This person has severe neck pain, and difficulty 

turning the head and lifting things. The person 

gets headaches and arm pain, sleeps poorly, and 

feels tired and worried 

0.226 (0.147に0.323) 0.06 (0.05に0.07) 

Neck pain, 

most severe 
This person has constant neck pain and arm pain, 

and difficulty turning the head, holding arms up, 

and lifting things. The person gets headaches, 

sleeps poorly, and feels tired and worried 

0.300 0.199に0.434) 0.15 (0.11に0.20) 

 

The severity distributions are derived from an analysis of the Medical Expenditure Panel Surveys (MEPS) 

in the USA. MEPS is an overlapping continuous panel survey of the United States non-institutionalised 

population whose primary purpose is to collect information on the use and cost of health care. Panels are 

two years long and are conducted in five rounds, which are conducted every five to six months. A new 

panel begins annually, while the last panel is in its second year. Each panel typically contains about 30,000 

to 35,000 individual respondents. (http://www.meps.ahrq.gov/survey_comp/hc_data_collection.jsp) 

MEPS was initiated in 1996 but only began collecting health status data in the form of SF-12 responses in 

2000. For GBD 2016 we used data from 2000に2014. Respondents self-administer the SF-12 twice per 

panel, at rounds two and four, typically about a year apart. Only adults 18 years and older completed the 

SF-12. MEPS also usually collects information on diagnoses based on self-report of reasons for encounters 

┘ｷデｴ ｴW;ﾉデｴ ゲWヴ┗ｷIWゲく Iﾐ ;SSｷデｷﾗﾐが Sｷ;ｪﾐﾗゲWゲ ;ヴW SWヴｷ┗WS デｴヴﾗ┌ｪｴ ;SSｷデｷﾗﾐ;ﾉ ケ┌Wゲデｷﾗﾐゲ ﾗﾐ さヮヴﾗHﾉWﾏゲ デｴ;デ 
HﾗデｴWヴ ┞ﾗ┌ざ ﾗヴ IﾗﾐSｷデｷﾗﾐゲ デｴ;デ ﾉWS デﾗ さdisability days,ざ ie, days out of role due to illness. Professional 

coders translate the verbatim text into three-digit ICD-9 codes. The main reason for neck pain being 

measured in MEPS relates to health care contact.  

In order to derive a crosswalk of SF-12 values into a scale comparable with that used by the GBD  

disability weights, small studies on convenience samples were conducted asking respondents to fill in SF-

12 to reflect 62 lay descriptions of diverse severity that were used to derive the GBD disability weights. 

From these responses a relationship between SF-12 summary score and the GBD DWs was derived. With 

regression methods, average disability weights were calculated for each of 156 conditions for which there 

were corresponding diagnoses in MEPS, while controlling for any co-morbid other condition by adding 

dummy variables for each condition. As our case definition is for point prevalence of neck pain, we 

ignored the proportion of MEPS respondents with a neck pain diagnosis for whom in our regression we 

found no disability attributable to neck pain. For the remaining cases we binned the amount of DW 

attributed to neck pain across the four health states assuming thresholds at the midpoints between DW 

values. 

Modelling strategy 

Prior settings in the DisMod model included setting excess mortality to 0, and it was assumed that there 

was no incidence or prevalence of neck pain before the age of 5 years.  

We used study covariates for studies that reported a too broad anatomical region, episode duration of 

greater than three months, recall periods of one week to one month, recall periods between two months 

and one year, activity-limiting neck pain, and studies conducted among schoolchildren. We added 

covariates for each of three years of claims data in the USA.  
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With exceptions for broad anatomical region, studies among schoolchildren population, and activity-

limiting neck pain, whose coefficients were consistent with their reasonable ranges, the means and the 

upper and lower bounds for the covariates were calculated by crosswalking with NHANES data as a 

baseline. TｴW デ;HﾉW HWﾉﾗ┘ ゲｴﾗ┘ゲ デｴW ヮヴｷﾗヴ ┗;ﾉ┌Wゲ aﾗヴ デｴﾗゲW Iﾗ┗;ヴｷ;デWゲげ IﾗWaaｷIｷWﾐデゲく 

Study covariate Lower bound Mean Upper bound 

Anatomical region too broad 0  2 

Episode duration >= 3 months -0.81 -0.74 -0.67 

Recall periods of 1 week to 1 month 0.67 0.77 0.87 

Recall periods between 2 months and one year 0.77 0.87 0.97 

Studies among schoolchildren 0  3 

Activity-limiting neck pain -3  0 

Claims data に 2000 -2.20 -2.08 -1.96 

Claims data に 2010 -1.73 -1.57 -1.41 

Claims data に 2012 -1.65 -1.50 -1.35 

 

Betas and exponentiated values (which can be interpreted as an odds ratio) for these two covariates are 

shown in the table below: 

Study covariate Parameter beta Exponentiated beta1 

Anatomical region too broad Prevalence 0.12 (0.028に0.23) 1.13 (1.03に1.26) 

Episode duration >= 3 months Prevalence -0.7 (-0.77 to -0.67) 0.50 (0.46に0.51) 

Young population Prevalence 1.64 (1.46に1.82) 5.14 (4.31に6.18) 

Recall periods of 1 week to 1 month Prevalence 0.85 (0.81に0.87) 2.35 (2.25に2.39) 

Recall periods of 6 months to 12 months Prevalence 1.07 (0.89に1.25) 2.91 (2.45に3.50) 

Recall periods 1 year Prevalence 0.87 (0.77に0.96) 2.38 (2.17に2.62) 

Studies among school children Prevalence 2.17 (1.96に2.40) 8.78 (7.06に11.03) 

Activity-limiting neck pain Prevalence -1.34 (-1.56 to -1.13) 0.26 (0.21 ね 0.32) 

USA Claims data に 2000 Prevalence -2.11 (-2.2 to -2.01) 0.12 (0.11に0.13) 

USA Claims data に 2010に2014 Prevalence -1.42 (-1.52 to -1.32) 0.24 (0.22に0.27) 

Taiwan Claims data に 2016 Prevalence -0.22 (-1.48 to 0.47) 0.80 (0.23に1.60) 
1 interpretation examples: in DisMod-MR 2.1 activity-limiting NP data points showed a systematic bias downward and were adjusted up by 

dividing by 0.26 while data points of recall of 6 to 12 months were adjusted downward dividing by 2.91. 
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Gout 
 

Flowchart 

Case definition 

Gout is a rheumatic disease that is characterised by formation of monosodium urate (MSU) crystals in the 

synovial fluid of joints and in other tissues, causing inflammation. The crystal formation is caused by 

elevated urate levels in extracellular fluids. It is more common in men. GBD uses the case definition of 

primary gout given by the American College of Rheumatology, generally referred to as ARA 1977 survey 

criteria requiring the presence of MSU crystals in joint fluid or the presence of a tophus proven to contain 

MSU crystals and at least six of 12 gout symptoms or findings (>1 attack of acute arthritis, development of 

maximal inflammation within a day, attack of monoarticular arthritis, observation of joint erythema, pain 

or swelling in the first MTP joint, unilateral attack involving the first MTP joint, unilateral attack involving 

tarsal joint, suspected tophus, hyperuricemia, asymmetrical swelling within a joint on X-ray and negative 

culture of joint fluid for microorganisms during attack of joint inflammation) to make a diagnosis. The ICD-

10 code for gout is M10 and the ICD9 code is 274.  

 

Input data 

 Model Inputs   

The most recent PubMed search was conducted in GBD 2013 were performed for years 1980 to 2009 

using the following search terms on MEDLINE, EMBASE, CINAHL, CAB Abstracts, WHO Library (WHOLIS), 

and OpenSIGLE. For prevalence and incidence, the following search terms were used: (gout* OR 

hyperuricemia) AND (prevalen* OR inciden* OR cross-sectional OR cross sectional OR epidemiol* OR 

survey OR population-based OR population based OR population study OR population sample OR cohort 

OR follow-up OR follow up OR longitudinal OR regist*) AND (list of names of all GBD countries). For 

mortality, the following search terms were used: (gout* OR hyperuricemia) AND (Mortality OR death OR 
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standardised mortality ratio OR standardized mortality ratio OR case fatality OR cross-sectional OR cross 

sectional OR epidemiol* OR survey OR population-based OR population based OR population study OR 

population sample OR cohort OR follow-up OR follow up OR longitudinal OR regist*) AND (list of names of 

all GBD countries). 

Exclusion criteria were: 

 Sub-populations clearly not representative of the national population 

 Not a population-based study 

 Low sample size (less than 150) 

 Review rather than original studies 

Opportunistically, additional studies encountered during data review were added for GBD 2017. In 

addition, data from USA claims data for 2000 and 2010に2014 by state and Taiwan claims data from 2016 

were included. The table below shows the number of literature studies included in GBD 2017, as well as 

the number of countries and GBD world regions represented. 

 
Incidence Relative risk Prevalence 

Site-years (total) 105 3 507 

Number of countries 

with data 

6 2 29 

Number of GBD 

regions with data (out 

of 21 regions) 

4 1 13 

Number of GBD super-

regions with data (out 

of 7 super-regions) 

3 1 6 

 

 Severity splits 

The basis of the GBD disability weight (DW) survey assessments are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. The lay descriptions and disability weights for 

gout severity levels are shown below. 

Severity level Lay description DW (95% CI) 

Gout, acute This person has severe pain and swelling in the leg, 

making it very difficult to get up and down, stand, walk, 

lift, and carry heavy things. The person has trouble 

sleeping because of the pain.  

0.295 (0.196に0.409) 

Polyarticular 

gout (same as 

for severe RA) 

This person has severe, constant pain and deformity in 

most joints, causing difficulty moving around, getting up 

and down, eating, dressing, lifting, carrying, and using the 

hands. The person often feels sadness, anxiety, and 

extreme fatigue. 

0.581 (0.403に0.739) 

Asymptomatic 

gout 

 0 
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We used three studies on the distribution of the number of gout attacks per year and fitted a lognormal 

curve using a least squared differences method. In the absence of data on the proportion of gout cases 

who have chronic polyarticular gout, we assumed the proportion is equal to those who would have 52 

attacks a year (ie, weekly) or more as implied by the lognormal curve. 

The average number of attacks was estimated from the lognormal fit: 5.66 (5.14に6.18). From two studies 

we derived an average duration of attacks of 6.1 (5.4に6.8) days by simple averaging. The resulting 

proportion of time symptomatic for acute gout was taken as the multiplication of these two estimates 

divided by the number of days in a year: 9.4% (8.0に10.9%). 

Figure 1: Distribution of cases by frequency 

 
 

Modelling strategy 

Initially we set remission to zero but found this made incidence and prevalence inconsistent. As the ratio 

of prevalence and incidence in similar locations was in the order of 10:1 we decided to allow remission to 

range between 0 and 0.2 and that made incidence and prevalence more consistent. We assumed that 

there was no incidence or prevalence of gout before the age of 15 years.  

We created three study-level covariates: for the 2000 USA claims data, the 2010に2014 USA claims data, 

and 2016 Taiwan claims data. Studies relying on self-reported diagnoses or not stating diagnostic criteria 

were flagged with a covariate for a risk of bias. However, the risk of bias covariate was found to be 

insignificant; thus, it was used as a covariate that affects only uncertainty but not mean estimates. 

Betas and exponentiated values (which can be interpreted as an odds ratio) for the claims covariate are 

shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

USA claims data に 2000 Prevalence -1.99 (-2 to -1.96) 0.14 (0.14に0.14) 

USA claims data に 2010に2014 Prevalence -1.05 (-1.07 to -1.02) 0.35 (0.34に0.36) 

Taiwan claims data に 2016  Prevalence 1.28 (1.02に1.60) 3.58 (2.76に4.94) 
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We added the summary exposure variable (SEV) scalar for gout which summarises exposure to risks 

estimated in GBD to impinge on gout, ie, low glomerular filtration rate as a country covariate. We set 

bounds of 0.75 to 1.25 as the SEV is constructed in a way that if our risk estimates are accurate the value 

should be 1. 
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Other musculoskeletal disorders (MSK) 
 

Flowchart 
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Case definition 

Other musculoskeletal (MSK) disorders is a heterogeneous rest category comprising a wide range of 

disorders of muscles, bones, and ligaments that are not included in the five GBD defined musculoskeletal 

diseases rheumatoid arthritis, osteoarthritis, low back and neck pain, and gout, and are not captured as 

long-term sequelae of injuries. 

The table below provides detail of the ICD-10 and ICD-9 codes included in this category. 

ICD-10 codes ICD-9 codes 

 

L93ねLupus erythematosus 

M00-M02ねInfectious arthropathies 

M08, M11-M13ねInflammatory polyarthropathies 

M20-M25ねOther joint disorders 

M30-M35ねSystemic connective tissue disorders 

M40-M43ねDeforming dorsopathies 

M45-M46ねSpondylopathies 

M60 -M63ねDisorders of muscles 

M65-M68ねDisorders of synovium and tendon 

M70- M73, M75-M79ねOther soft tissue disorders 

M80-M85ねDisorders of bone density and structure 

M86ねOsteomyelitis 

M87-M90ねOther osteopathies 

M91-M94ねChondropathies 

710.0 

711 

712に713 

716に719 

710.1-710.9 

737 

720に721 

725 

726に728 

729 

733.0-2 

730.1-730.3, 730.7-9 

731, 733.3-9 

732 
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M95-M99ねOther disorders of the MSK system and 

connective tissue 

734に736, 738に739 

 

 

 

Input data 

 Model Inputs 

The above ICD codes were used to extract other MSK prevalence from USA claims data for 2000 and 

2010に2014 by state. The systematic review concentrated on finding health surveys that measured an 

overall amount of musculoskeletal disorders and complaints and reported information to distinguish a 

rest category that was not OA, RA, gout, or low back or neck pain. These data sources are based on self-

reported musculoskeletal conditions or symptoms and not on the listed ICD codes. 

 

The table below shows the number of studies and surveys included in GBD 2017, as well as the number of 

countries or subnational units and GBD world regions represented. 

 Prevalence 

Site-years (total) 348 

Number of countries with data 18 

Number of GBD regions with data (out of 21 regions) 10 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

 Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms. The lay descriptions and disability weights for other MSK 

severity levels are shown below. They include the three levels of health states that are used for 

osteoarthritis and rheumatoid arthritis, each. 

Severity level Lay description DW (95% CI) Proportions 

Asymptomatic   0.28 (0.27に0.29) 

Musculoskeletal 

problems, lower 

limbs, mild 

This person has pain in the leg, which 

causes some difficulty running, 

walking long distances, and getting up 

and down. 

0.023 (0.013に0.040) 0.22 (0.15に0.30) 

Musculoskeletal 

problems, upper 

limbs, mild 

This person has mild pain and stiffness 

in the arms and hands. The person has 

some difficulty lifting, carrying, and 

holding things. 

0.028 (0.017に0.046) 0.20 (0.15に0.29) 

Musculoskeletal 

problems, upper 

limbs, moderate  

This person has moderate pain and 

stiffness in the arms and hands, which 

causes difficulty lifting, carrying, and 

holding things, and trouble sleeping 

because of the pain. 

0.115 (0.079に0.163) 0.10 (0.06に0.15) 
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Musculoskeletal 

problems, lower 

limbs, severe 

This person has severe pain in the leg, 

which makes the person limp and 

causes a lot of difficulty walking, 

standing, lifting and carrying heavy 

things, getting up and down, and 

sleeping. 

0.163 (0.109に0.224)  0.06 (0.04に0.07) 

Musculoskeletal 

problems, 

generalised, 

moderate 

This person has pain and deformity in 

most joints, causing difficulty moving 

around, getting up and down, and 

using the hands for lifting and 

carrying. The person often feels 

fatigue. 

0.312 (0.201に0.438) 0.07 (0.06に0.08) 

Musculoskeletal 

problems, 

generalised, severe 

This person has severe, constant pain 

and deformity in most joints, causing 

difficulty moving around, getting up 

and down, eating, dressing, lifting, 

carrying, and using the hands. The 

person often feels sadness, anxiety, 

and extreme fatigue. 

0.572 (0.370に0.758) 0.07 (0.07に0.08) 

 

The severity distributions are derived from an analysis of the Medical Expenditure Panel Surveys (MEPS) 

in the USA. MEPS is an overlapping continuous panel survey of the United States non-institutionalised 

population whose primary purpose is to collect information on the use and cost of health care. Panels are 

two years long and are conducted in five rounds, which are conducted every five to six months. A new 

panel begins annually, while the last panel is in its second year 

(http://www.meps.ahrq.gov/survey_comp/hc_data_collection.jsp). Each panel typically contains about 30,000 to 35,000 

individual respondents.  

MEPS was initiated in 1996, but only began collecting health status data in the form of 12-Item Short 

Form Survey (SF-12) responses in 2000. For GBD 2016 we used data from 2000に2014. Respondents self-

administer the SF-12 twice per panel, at rounds two and four, typically about a year apart. Only adults 18 

years and older completed the SF-12. MEPS also usually collects information on diagnoses based on self-

report of reasons for encounters with health services. In addition, diagnoses are derived through 

;SSｷデｷﾗﾐ;ﾉ ケ┌Wゲデｷﾗﾐゲ ﾗﾐ さヮヴﾗHﾉWﾏゲ デｴ;デ HﾗデｴWヴ ┞ﾗ┌ざ ﾗヴ IﾗﾐSｷデｷﾗﾐゲ デｴ;デ ﾉWS デﾗ さdisability days,ざ ie, days out 

of role due to illness. Professional coders translate the verbatim text into three-digit ICD-9 codes. The 

main reason for other MSK being measured in MEPS relates to health care contact.  

In order to derive a crosswalk of SF-12 values into a scale comparable with that used by the GBD  

disability weights, small studies on convenience samples were conducted asking respondents to fill in SF-

12 to reflect 62 lay descriptions of diverse severity that were used to derive the GBD disability weights. 

From these responses a relationship between SF-12 summary score and the GBD DWs was derived. With 

regression methods, average disability weights were calculated for each of 156 conditions for which there 

were corresponding diagnoses in MEPS, while controlling for any comorbid other condition by adding 

dummy variables for each condition. We binned the amount of DW attributed to other MSK across the 

seven health states assuming thresholds at the midpoints between DW values. 
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Modelling Strategy 

Prior settings in the DisMod model included setting excess mortality to 0, and it was assumed that there 

was no incidence or prevalence of other MSK before the age of 10 years. In the absence of any 

meaningful data on incidence and remission for such a heterogeneous category of disorders, we made a 

rather arbitrary decision of remission of 0.5に1, ie, an average duration of 1-2 years. We included cause-

specific mortality rate (CSMR) data for other MSK and estimated priors on excess mortality rate by 

dividing all prevalence data points by the corresponding CSMR. In GBD 2017, CSMR data included older 

age groups, ie, 80-85, 85-90, 90-95, and 95+ years. 

We used study covariates for MarketScan 2000 and MarketScan data in general. Betas and exponentiated 

values (which can be interpreted as an odds ratio) for these two covariates are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

Sex Prevalence -0.31 (-0.32 to -0.29) 0.74 (0.73に0.75) 

MarketScan Prevalence 0.60 (0.52に0.76) 1.82 (1.69に2.14) 

All MarketScan, year 2000 Prevalence 0.064 (0.00042に0.22) 1.07 (1.00に1.24) 
 

We allow positive coefficients on claims data as all our other data sources are based on other MSK 

disorders in the absence of low back pain, neck pain, OA, RA, and gout, while claims data reflect the one-

year prevalence of having an ICD-coded other MSK condition mentioned. As there are multiple other MSK 

conditions that last less than a year, it is not surprising to find higher one-year prevalence in claims data 

then the point prevalence estimates derived from surveys. 

We use the GBD Socio-demographic Index (SDI) scalar variable as a covariate with a small coefficient of 

0.17 estimated by DisMod-MR 2.1.  

In order to avoid double counting, we subtract the long-term sequelae of fractures, dislocations, and 

contusions due to injuries from other MSK, as the surveys from which we derive prevalence estimates 

make no distinction between cases with other MSK problems that are or are not due to injuries.  
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CﾗﾐｪWﾐｷデ;ﾉ ;ﾐﾗﾏ;ﾉｷWゲ  
This write-up covers the following causes: congenital heart defects, neural tube defects, cleft lip and cleft 

palate, congenital anomalies of the urogenital system, congenital anomalies of the gastrointestinal tract, 

musculoskeletal congenital anomalies, congenital chromosomal birth defects (Down Syndrome, Turner 

Syndrome, Klinefelter Syndrome, and other chromosomal abnormalities, genetic syndromes and micro-

deletions) 

Flowchart 

 

Case Definitions and Introduction 

The GBD case definition of congenital anomalies includes any condition present at birth that is a result of 

abnormalities of embryonic development, excluding those that are directly the result of infections or 

substance abuse (e.g. fetal alcohol syndrome, congenital syphilis) and excludes minor anomalies as they 

are defined by EUROCAT. Further, our GBD case definition includes only live births and excludes all 

terminations of pregnancy following prenatal diagnosis and stillbirths. 

We have estimated the prevalence and associated disability of the following categories of congenital birth 

defects 

 Neural tube defects 

a. Anencephaly 

b. Encephalocele 

c. Spina bifida 

 Congenital heart defects 

a. Single ventricle and single ventricle pathway defects 
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b. Severe congenital heart defects excluding single ventricle and single ventricle pathway 

defects 

c. Critical malformations of great vessels, congenital valvular heart disease and patent 

ductus arteriosis 

d. Ventricular septal defect and atrial septal defect 

e. Other congenital cardiovascular anomalies 

 Orofacial clefts: Cleft lip and cleft palate 

 Total chromosomal congenital birth defects 

 Down Syndrome 

 Turner Syndrome 

 Klinefelter Syndrome 

 Other chromosomal abnormalities, genetic syndromes, and micro-deletions  

 Edwards Syndrome and Patau Syndrome 

 Congenital anomalies of the urogenital system 

a. Congenital urinary anomalies 

b. Congenital genital anomalies 

 Congenital anomalies of the digestive system 

a. Congenital diaphragmatic hernia 

b. Congenital malformations of the abdominal wall 

c.  Congenital atresia and/or stenosis of the gastrointestinal tract 

d. Other congenital malformations of the gastrointestinal tract 

 Musculoskeletal congenital anomalies 

a. Polydactyly and syndactyly 

b. Limb reduction defects 

c. Other musculoskeletal congenital anomalies 

 Other congenital anomalies all birth defects (excluding minor anomalies) not contained in the 

other categories.  

Total chromosomal birth defects are all new causes estimated for the first time in GBD 2017.  

This appendix will first describe the input data sources and aspects of the modelling strategy that are 

common to all sub-types of congenital anomalies. We will then provide a description of the case 

definitions, ICD-10 codes, and health states associated with each of the component congenital causes, as 

well as the specific modelling strategies employed in each congenital cause, including the model settings, 

study-level and country-level covariates, and other modelling decisions made.  

 

Input Data Sources  

Several types of data sources are used in the estimation of congenital anomalies: literature prevalence, 

with-condition mortality and excess mortality data, birth prevalence and neonatal with-condition 

mortality data from a number of international birth defects registries and surveillance systems, inpatient 

hospital and Marketscan claims data prepared internally by the GBD research team, and cause-specific 

mortality estimates produced by the causes of death analysis. 

We conducted a systematic review of the available literature for all types of congenital anomalies by 

constructing search strings designed to capture information on the prevalence, associated mortality and 

long-term health outcomes associated with each sub-category of congenital anomalies for GBD 2017 and 

are continuing to use this for GBD 2017. All results were screened に first abstracts, then full-text 

screenings に to ensure the availability of required information and the representativeness of the reported 

population, and the exclusion of duplicate data also reported as part of the birth registry data inputs.  
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We extracted data from a number of international birth defects registries. The International 

Clearinghouse for Birth Defects Surveillance and Research (ICBDSR) reports birth prevalence from a 

number of international member registries. The World Atlas Report also published birth prevalence 

estimates from these international registries prior to the publication of ICBDSR reports. The European 

Surveillance of Congenital Anomalies (EUROCAT) reports the birth prevalence of anomalies as for a 

variety of locations in WWゲデWヴﾐ E┌ヴﾗヮW ;ゲ ヴWヮﾗヴデWS H┞ ヮ;ヴデｷIｷヮ;デｷﾐｪ ﾏWﾏHWヴ ヴWｪｷゲデヴｷWゲく Cｴｷﾐ;げゲ M;デWヴﾐ;ﾉ 
and Child Health Surveillance survey (MCHS) reports birth prevalence and early neonatal mortality data 

for all subnational locations of China. The National Birth Defects Prevention Network (NBDPN) reports 

birth prevalence estimates as compiled by a number of subnational registries within the United States. 

The Birth Defects Registry of India (BDRI) reports congenital anomalies from participating hospitals within 

India.  

Inpatient hospital and Marketscan claims data for all congenital anomalies causes and sub-cause models 

was prepped centrally by the GBD research team. The inpatient hospital data was adjusted for multiple 

inpatient visits by individuals and for the correction of primary diagnoses to all diagnoses including the 

congenital ICD codes. For more information on the preparation of these data sources, see elsewhere in 

this appendix.  

Modelling Strategy: Overview 

All available input data was utilized in a series DisMod-MR models in order to estimate the prevalence of 

each category of congenital anomalies across the full life course for each location/age/sex combination. 

Incidence was set to 0 for all congenital models, as congenital conditions occur at the time of birth and by 

definition there are no incident cases after birth. Remission was allowed only in the models of a select 

subset of causes for which surgical intervention or spontaneous remission can completely eliminate the 

disability due to that congenital condition: namely, cleft lip and/or palate, polydactyly and syndactyly, and 

ventricular septal defect and atrial septal defect. Cause-specific priors and slope priors were used to 

guide biologically plausible DisMod-MR estimates of excess mortality and remission where applicable. For 

a subset of conditions, a decreasing slope prior on excess mortality rate was applied to capture the 

highest risk of mortality from congenital conditions in the neonatal age groups and a subsequent 

decreasing risk of mortality from congenital conditions later in life. Excess mortality was set to zero after 

70 years of age in all models, in keeping with the GBD cause of death estimates for all congenital causes.  

For each of congenital heart, musculoskeletal and gastrointestinal anomalies, we used as DisMod-MR 

model to estimate the total prevalence of all conditions within that cause category. We then squeezed 

the sum of the specific sub-cause prevalence estimates to these total prevalence estimates in order to 

ensure internal consistency of our cause-level and sub-cause estimates. The prevalence of other other 

heart, musculoskeletal, and gastrointestinal anomalies was derived by reducing the total envelope model 

for each cause by its sub-causes to derive the difference that was attributable to other anomalies in that 

category.  

 

Study-level Covariates 

A number of the input data sources used for the estimation of congenital birth defects are known to have 

biases leading to under-reporting or over-reporting relative to the true prevalence of congenital 

anomalies among live births and all subsequent age groups. We used study-level covariates in the each of 

the DisMod-MR models to adjust for these under-reporting and over-reporting biases. 

Where necessary, we used a study-level covariate to adjust for the inclusion of stillbirths in the reported 

birth prevalence estimates in literature and registry data sources, as stillbirths are not included in our 

case definition of prevalence among live births. We also used a study-level covariate to adjust for data 
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sources that included terminations of pregnancy in their birth prevalence estimates. In all models except 

for the chromosomal conditions, we also used a study-level covariate to adjust for under-reporting in 

data sources that were extracted to exclude co-occurring chromosomal conditions from the reported 

prevalence estimates. 

For a subset of congenital causes, particularly the congenital heart defects, we noted substantial 

differences in the lists of case definitions being reported to the various congenital registries. Across all 

types of congenital heart defects, the National Birth Defects Prevention Network (NBDPN) had the most 

complete list of reported case definitions に ie, the highest case ascertainment に and was considered the 

gold standard among all birth registry data sources. We used registry-specific crosswalks to adjust all 

other birth defects registries to match the case ascertainment seen in the NBDPN.  

We also included a series of study-level covariates to adjust for under-reporting in the inpatient hospital 

data and Marketscan claims data. This included one study-level covariate used specifically to adjust the 

2010 inpatient Marketscan data and another used specifically to adjust the 2012 Marketscan data to the 

reference literature and registry data sources.   

 

Country-level Covariates 

Country-level covariates were used in each of the congenital DisMod-MR models based on literature 

information about the risk factors for these birth defects. Folic acid availability was used as a covariate on 

prevalence for all neural tube defects models and a subset of the congenital musculoskeletal anomalies 

models. The legality of abortion was used as a covariate on prevalence for conditions in which prenatal 

diagnosis is commonly available and the prognosis is severe enough to cause high rate of termination of 

pregnancy following prenatal diagnosis: these include all chromosomal conditions and a subset of the 

congenital heart defects. Maternal consumption of alcohol during pregnancy, as a proportion of all 

pregnancies, was used as a covariate on prevalence for all congenital heart defects. The proportion of live 

births by mothers age 35+ was used as a covariate on all chromosomal models. A folic acid fortification 

covariate was used in the neural tube defects and cleft models, which was modelled based on data from 

the Global Fortification Data Exchange.  

Across many of the congenital models, the Health Access and Quality Index covariate was used to guide 

the global pattern of with-condition mortality and excess mortality, as was the natural log of the lag-

distributed income per capita (lnLDI). For most of the severe congenital conditions, the mortality 

associated with the condition is highly dependent on access to adequate surgical interventions and other 

medical care during the first hours, weeks, and years of life.  

 

Assigning health states and sequelae for long-term outcomes  

To determine the distribution of health outcomes associated with the congenital causes, we performed a 

review of available literature on the long-term health outcomes of survivors in cohorts born with each 

type of congenital malformation. For conditions requiring surgical intervention shortly after birth to 

ensure survival, the health states included in the disability weight calculations correspond to the post-

surgery outcomes reported in cohorts of individuals born with these life-threatening congenital 

conditions. Where data was available on from multiple cohorts, we pooled these cohorts together to 

calculate the proportion of individuals with each health state. Where data on the joint distribution of the 

long-term health outcomes was not available, we assumed independence of each long-term health 

outcome. Combined disability weights were calculated for all necessary combinations of existing disability 

weights.  
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Determining outliers and data thresholds 

In order to employ a systematic approach to outliering of data, we used Median Absolute Deviation 

(MAD). We determined lower and upper thresholds where the data could plausibly fall for each model.  

Any data outside of these bounds were outliered for ages under 1 year. Data for older age groups were 

outliered if the corresponding under 1 year old data point for the given age/sex/location/source was 

outside of the MAD bounds. For most models, these bounds were determined to be ½ of the median and 

+3 MADs around the median of the data for the given model. This was determined based on the right 

skewed distribution observed in most of the congenital data. For most models, we calculated the MADs 

using only the EUROCAT data, which we found to be the most reliable source for prevalence of congenital 

disorders. We then applied those MADs to all data. For neural tube defects, we calculated the MADs on 

all data for children under age 1 year, including registry data, hospital data, and insurance claims data.  

For congenital urinary birth defects, we calculated these bounds using EUROCAT data as well as United 

States insurance claims data for children under 1 year of age. For some of the musculoskeletal disorders, 

we used only United States insurance claims data for children under 1 year of age to calculate these 

bounds, as it was the most reliable source. For chromosomal conditions, given the high volume of zeroes 

in the data, we calculated the MADs slightly differently. For Down Syndrome, we used all data for children 

under 1 to establish bounds. For Edward Syndrome and Patau Syndrome we used all non-zero EUROCAT 

data to establish MAD bounds. For Turner and Klinefelter, due to small numbers and issues in data 

quality, we used EUROCAT data to calculate a logged mean absolute deviation and exponentiated this to 

determine bounds for these data. In any case where the lower bound (-1 MAD) was negative, we used a 

threshold of 0. This strategy is still in development, but allows for consistent and empirical outliering of 

implausibly high or implausibly low data. 

Case definitions and modelling strategy specifics  

Neural tube defects 

Case definitions 

Neural tube defects occur when neural tube fails to close completely during development. The GBD 2017 

case definition includes spina bifida, in which part of the spinal cord and/or meninges are uncovered by 

skin; encephalocele, a congenital defect characterized by sac-like protrusions of the brain and meninges 

through openings in the skull; and anencephaly, the absence of a major portion of the brain, skull, and 

scalp. Spina bifida occulta, a much less severe form of spina bifida where the defect in vertebral column 

remains covered by skin, is excluded from the GBD case definition of spina bifida. All infants born with 

anencephaly die during the first few weeks of life, as there is no remission and no cure for this condition. 

Infants born with spina bifida or encephalocele typically require surgical intervention during the first few 

weeks of life, and thereafter may experience a range of neural and motor complications. Our case 

definitions of spina bifida and encephalocele do not consider surgical intervention for either condition as 

remission.  In GBD 2017, spina bifida, encephalocele, and anencephaly are each modelled separately and 

then fit to a total model of all neural tube defects. Spina bifida corresponds to the ICD-10 codes Q05.0, 

Q05.4,Q05.6, Q05.7, Q05.8, and Q05.9. Encephalocele corresponds to the ICD-10 codes Q01.2, Q01.8, 

and Q01.9. Anencephaly corresponds to the ICD-10 codes Q00.0 and Q00.2.   

 

Health states associated with neural tube defects 

All infants with anencephaly are assigned the health state of severe motor and cognitive impairment. 

Cases of spina bifida and encephalocele are split into every combination of mild, moderate and severe 

motor impairment, all severities of intellectual disability, and urinary incontinence. These proportions 
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were calculated using a pooled analysis of available literature on the long-term outcomes in cohorts of 

individuals born with each sub-type of neural tube defects. The distribution of health states associated 

with encephalocelei ii iii was derived separately from the distribution of health states associated with spina 

bifidaiv v , although these two categories of neural tube defects are associated with the same list of long-

term outcome sequela. 

 

Neural tube defects overall modelling strategy and model settings  

In order to ensure internal consistency of the estimates of each sub-type of neural tube defects, we 

developed a model of the total prevalence of neural tube defects and used these location, year, sex and 

age-specific prevalence estimates to scale the estimates of anencephaly, encephalocele and spina bifida 

prevalence. This modelling strategy allowed us to incorporate the cause-specific mortality estimates from 

the GBD Cause of Death analysis and also allowed us to use literature data where the prevalence and 

mortality estimates were reported for the total of all neural tube defects only. 

The DisMod-MR model of total neural tube defects used cause-specific mortality (CSMR) estimates from 

the GBD cause of death analysis for neural tube defects. This model had a minimum excess mortality of 

3.0 for the first week of age and a decreasing slope prior on excess mortality rate for all ages as the risk of 

death due to neural tube defects is greatest shortly after birth. The model also used an increased 

smoothness (maximum xi=1) on excess mortality rate in order to allow high excess mortality in the early 

neonatal age group. Random effects on prevalence were limited to +- 0.5 in order to limit geographic 

variation in the estimated birth prevalence.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Total neural tube 

congenital 

anomalies 

Composite fortification 

standard and folic acid 

inclusion 

Country 

covariate Prevalence 

-0.040 (-0.091 

- -0.001) 

0.961 (0.913 - 

0.999) 

Total neural tube 

congenital 

anomalies 

Folic acid unadjusted 

(ug) 

Country 

covariate Prevalence 

-0.001 (-0.001 

- -0.001) 

0.999 (0.999 - 

0.999) 

Total neural tube 

congenital 

anomalies LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.101 (-0.102 

- -0.100) 

0.904 (0.903 - 

0.905) 

Total neural tube 

congenital 

anomalies 

All MarketScan, year 

2010 

Study-level x-

covariate Prevalence 

-0.215 (-0.281 

- -0.141) 

0.807 (0.755 - 

0.868) 

Total neural tube 

congenital 

anomalies 

All MarketScan, year 

2012 

Study-level x-

covariate Prevalence 

-0.187 (-0.255 

- -0.121) 

0.830 (0.775 - 

0.886) 

Total neural tube 

congenital 

anomalies 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.187 (-0.224 

- -0.152) 

0.829 (0.799 - 

0.859) 

Total neural tube 

congenital 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.354 (-0.442 

- -0.272) 

0.702 (0.643 - 

0.762) 

Total neural tube 

congenital 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

0.225 (0.174 - 

0.249) 

1.253 (1.190 - 

1.283) 

Total neural tube 

congenital 

anomalies 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.003 (0.000 - 

0.012) 

1.003 (1.000 - 

1.012) 

Total neural tube 

congenital 

anomalies 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.001 (0.000 - 

0.004) 

1.001 (1.000 - 

1.004) 

Total neural tube 

congenital 

anomalies Under Reported 

Study-level x-

covariate Prevalence 

-0.043 (-0.112 

- -0.002) 

0.958 (0.894 - 

0.998) 
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   Prevalence 

Site-years (total) 2002 

Number of countries with data 75 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Anencephaly modelling strategy and model settings 

The life expectancy for infants born with anencephaly is on the order of hours or days; none of these 

infants survive past the neonatal age period. Because of the extremely high excess mortality associated 

with this condition and the short age range over which the prevalence varies, we used a custom 

modelling process to estimate the prevalence of anencephaly. We first used DisMod-MR to model the 

prevalence of anencephaly at birth for every location, year, age and sex combination. We then used 

literature data on outcomes largest available cohort of infants born with anencephalyvi vii, using the 

precise time of death information from this cohort to create a life table that applied the high excess 

mortality rates to all cases of anencephaly at birth. 

 We applied these mortality rates to both sex and all locations, generating the time lived by infants with 

anencephaly during the early and late neonatal age groups by location, year and sex. We then used GBB 

2017 mortality estimates to calculate the time lived by all infants during the early and late neonatal age 

groups by location, year and sex, and used these two values to calculate the prevalence of anencephaly in 

the early and late neonatal age groups; after one month of age, all available literature indicates that no  

infants born with anencephaly are still alive. 

The DisMod-MR model for the birth prevalence of anencephaly has random effects on prevalence limited 

to +- 1. As this model was designed to estimate only the prevalence at birth, incidence, remission and 

excess mortality were set to zero for all ages, and the only age mesh points were 0 and 100 years of age.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Anencephaly 

Composite fortification 

standard and folic acid 

inclusion 

Country 

covariate Prevalence 

-0.288 (-1.996 

- -0.041) 

0.750 (0.136 - 

0.959) 

Anencephaly 

Folic acid unadjusted 

(ug) 

Country 

covariate Prevalence 

-0.002 (-0.021 

- -0.000) 

0.998 (0.980 - 

1.000) 

Anencephaly Legality of Abortion 

Country 

covariate Prevalence 

-0.003 (-0.008 

- -0.000) 

0.997 (0.992 - 

1.000) 

Anencephaly 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.013 (-0.061 

- -0.001) 

0.987 (0.941 - 

0.999) 

Anencephaly Hospital Inpatient 

Study-level x-

covariate Prevalence 

-0.010 (-0.032 

- -0.000) 

0.990 (0.968 - 

1.000) 

Anencephaly MarketScan 

Study-level x-

covariate Prevalence 

-1.199 (-1.357 

- -1.049) 

0.302 (0.257 - 

0.350) 

Anencephaly 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.571 (0.043 - 

0.701) 

1.770 (1.044 - 

2.016) 

Anencephaly 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.912 (0.233 - 

0.997) 

2.489 (1.262 - 

2.710) 

 

   Prevalence 

Site-years (total) 973 

Number of countries with data 51 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Encephalocele modelling strategy and model settings 

The DisMod-MR model for encephalocele had a minimum excess mortality of 5.0 for the first week of age 

and a decreasing slope prior on excess mortality rate for all ages. The model also used an increased 

smoothness on excess mortality rate (maximum xi=1).  Random effects on prevalence were limited to +- 

0.5 as we expect limited geographic variation in the birth prevalence of encephalocele. 

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Encephalocele 

Composite fortification 

standard and folic acid 

inclusion 

Country 

covariate Prevalence 

-0.317 (-0.428 

- -0.231) 

0.728 (0.652 - 

0.794) 

Encephalocele 

Folic acid unadjusted 

(ug) 

Country 

covariate Prevalence 

-0.000 (-0.001 

- -0.000) 

1.000 (0.999 - 

1.000) 

Encephalocele LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.624 (-1.000 

- -0.253) 

0.536 (0.368 - 

0.777) 

Encephalocele Legality of Abortion 

Country 

covariate Prevalence 

-0.009 (-0.011 

- -0.006) 

0.991 (0.989 - 

0.994) 

Encephalocele 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.249 (-0.292 

- -0.195) 

0.780 (0.747 - 

0.823) 

Encephalocele 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.005 (-0.021 

- -0.000) 

0.995 (0.980 - 

1.000) 

Encephalocele 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.024 (-0.090 

- -0.001) 

0.976 (0.914 - 

0.999) 

Encephalocele MarketScan 

Study-level x-

covariate Prevalence 

-0.052 (-0.136 

- -0.002) 

0.950 (0.873 - 

0.998) 

Encephalocele 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.286 (0.257 - 

0.299) 

1.331 (1.292 - 

1.349) 

Encephalocele 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.142 (0.017 - 

0.276) 

1.153 (1.017 - 

1.318) 

 

   Prevalence 

Site-years (total) 1508 

Number of countries with data 54 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Spina bifida modelling strategy and model settings  

The DisMod-MR model for spina bifida had a minimum excess mortality of 3.0 for the first week of age, a 

decreasing slope prior on excess mortality rate for all ages, and a maximum smoothness on excess 

mortality rate of xi=1. Random effects on prevalence were also limited to +- 0.5.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Spina bifida 

Composite fortification 

standard and folic acid 

inclusion 

Country 

covariate Prevalence 

-0.144 (-0.220 

- -0.083) 

0.866 (0.803 - 

0.921) 

Spina bifida 

Folic acid unadjusted 

(ug) 

Country 

covariate Prevalence 

-0.000 (-0.000 

- -0.000) 

1.000 (1.000 - 

1.000) 

Spina bifida 

Healthcare access and 

quality index 

Country 

covariate 

With-condition 

mortality rate 

-0.501 (-1.000 

- 0.000) 

0.606 (0.368 - 

1.000) 

Spina bifida LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.625 (-1.000 

- -0.250) 

0.535 (0.368 - 

0.779) 

Spina bifida Legality of Abortion 

Country 

covariate Prevalence 

-0.008 (-0.009 

- -0.006) 

0.992 (0.991 - 

0.994) 

Spina bifida 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.022 (-0.054 

- -0.001) 

0.978 (0.948 - 

0.999) 
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Spina bifida 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.039 (-0.114 

- -0.002) 

0.962 (0.892 - 

0.998) 

Spina bifida 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.012 (-0.042 

- -0.000) 

0.988 (0.959 - 

1.000) 

Spina bifida MarketScan 

Study-level x-

covariate Prevalence 

-0.257 (-0.336 

- -0.176) 

0.773 (0.714 - 

0.838) 

Spina bifida 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.267 (0.230 - 

0.298) 

1.306 (1.258 - 

1.347) 

Spina bifida 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.027 (0.001 - 

0.085) 

1.027 (1.001 - 

1.088) 

 

   Prevalence 

Site-years (total) 1890 

Number of countries with data 66 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Congenital heart anomalies 

Case definitions  

There are many distinct types of congenital heart anomalies with a range of anatomical patterns, 

severities, and requirements for medical treatment. For the purposes of estimating nonfatal outcomes, in 

GBD 2017 congenital heart anomalies were split into five-sub categories based on both the anatomical 

characteristics and the treatment requirements of each condition. This remains our strategy in GBD 2017. 

The first sub-cause category, single ventricle and single ventricle pathway defects include tricuspid 

atresia, hypoplastic left heart syndrome, mitral valve atresia, single left ventricle, double outlet right 

ventricle, and pulmonary atresia; the corresponding ICD-10 codes are Q20.1, Q20.2, Q20.4, Q22.4, Q22.6 

and Q23.4. Each of the single ventricle and single ventricle pathway conditions requires surgical 

intervention shortly after birth to ensure infant survival.  

The second sub-cause category, severe congenital heart defects excluding single ventricle and single 

ventricle pathway defects, includes common arterial trunk, common truncus, discordant ventriculoaterial 

connection, transposition of great vessels, atrioventricular septal defect, endocardial cushion defect, 

Tetralogy of fallot, aortopulmonary septal defect, pulmonary valve atresia, congenital stenosis of aortic 

valve, and total anomalous pulmonary venous connection. This category of severe congenital heart 

defects includes ICD-10 codes Q20.0; Q20.3; Q21.2; Q21.3; Q21.4; Q22.0; Q23.0 and Q26.2.  

The third sub-cause category is critical malformations of great vessels, congenital valvular heart disease 

and patent ductus arteriosis. The malformations of vessels and valves in this sub-cause category include 

Ebstein's anomaly, congenital pulmonary valve stenosis, pulmonary valve insufficiency, other 

malformations of the pulmonary valve, malformations of the tricuspid valve, tricuspid atresia or stenosis, 

insufficiency of the aortic valve, mitral stenosis or insufficiency, and other malformations of aortic and 

mitral valves. Patent ductus arteriosis cases are only included among infants of >37 weeks gestational 

age, as premature infants often have minor patent ductus arteriosis that closes shortly after birth.  The 

ICD-10 codes corresponding to the critical malformations of great vessels category include Q22.1, Q22.2, 

Q22.3, Q22.5, Q22.8, Q22.9, Q23.1, Q23.2, Q23.3, Q23.8, Q23, Q25.1, Q25.2, Q25.3, Q25.4, Q25.5, and 

Q25.0. The majority of these conditions require medical attention shortly within the first few weeks of 

life.  

The fourth sub-cause category, ventricular septal defects and atrial septal defects, includes holes in the 

walls separating the chambers of the heart. Many of these septal defects close spontaneously, while 
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other require surgical care. The ICD-10 codes corresponding to ventricular septal defect and atrial septal 

defect are Q21.0 and Q21.1, respectively.  

The fifth and final sub-cause category of congenital heart defects is other congenital cardiovascular 

anomalies, which correspond to ICD-10 codes Q27, Q27.1, Q27.2, Q27.3, Q27.30, Q27.31, Q27.32, 

Q27.33, Q27.34, Q27.39, Q27.4, Q27.8, Q27.9, Q28, Q28.0, Q28.1, Q28.2, Q28.3, Q28.8 and Q28.9.  

Health states associated with congenital heart anomalies 

Every case of congenital heart defects was associated with a health state of congenital heart disease, 

except for a proportion of ventricular and atrial septal defects which are considered asymptomatic. All 

congenital heart defects cases were split into a proportion without intellectual disability and a proportion 

with every severity from borderline to profound intellectual disability. The proportion of congenital heart 

anomalies cases experiencing each severity of intellectual disability were calculated using available 

literature sources on the prevalence and severity of intellectual disability in congenital heart defect 

populationsviii ix x .  The proportion of VSD/ASD cases attributed to the asymptomatic category was derived 

from literature sources on the long-term outcomes of patients diagnosed with septal defects at birthxi xii 
xiii.  GBD estimates of congenital heart failure were assigned to the congenital heart defect categories 

according to the proportion of total congenital heart cause-specific mortality assigned to each category of 

congenital heart defects.  

 

Modelling strategy and model settings  

In order to ensure internally consistent estimates of the prevalence of congenital heart anomalies, we 

developed a model of the total prevalence of congenital heart anomalies and fit the estimates of each 

sub-type of congenital heart anomalies proportionally to these total envelope estimates. The prevalence 

estimates of other congenital heart anomalies were derived by reducing the total envelope model for 

each cause by its sub-causes to derive the difference that was attributable to other anomalies in that 

category.  

. 

The National Birth Defects Prevention Network (NBDPN), the United States state-level birth defects 

reporting system, includes the most comprehensive case reporting of any registry data source. As 

reported in the tables below, the congenital heart models each used registry-specific study-level 

covariate crosswalks to adjust input data from all other birth registries upward according to the 

composition of cases included in the NBDPN. All hospital and Marketscan data were also adjusted using 

study-level covariates with the NBDPN and literature prevalence values as the reference data.  

Total congenital heart anomalies model settings 

In the DisMod model of total congenital heart anomalies, random effects on prevalence were limited to 

+- 0.5 in order to limit geographic variation in the estimates of birth prevalence. The model included a 

decreasing slope prior on excess mortality rate for all ages, as the risk of death due to congenital heart 

anomalies is greatest shortly after birth. The minimum excess mortality rate for the neonatal age range 

was set to 5.0. The smoothness on excess mortality rate was increased to Xi=5.0 in order to allow high 

excess mortality in the neonatal age groups and lower excess mortality rates in older ages.  

During model development, all registry prevalence values below the threshold of 3 per 1,000 were 

marked with a study-level covariate to indicate under-reporting, regardless of whether a comprehensive 

list of ICD codes or cases was included in the input data. These under-reported data sources were then 

adjusted upwards to the reference data.  
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Cause Covariate name Type Measure Beta value Exponentiated 

value 

Total 

cardiovascular 

congenital 

anomalies 

Healthcare access and 

quality index 

Country 

covariate Prevalence 

0.015 (0.013 - 

0.017) 

1.015 (1.013 - 

1.017) 

Total 

cardiovascular 

congenital 

anomalies LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.999 (-1.250 

- -0.750) 

0.368 (0.287 - 

0.472) 

Total 

cardiovascular 

congenital 

anomalies 

Maternal alcohol 

consumption during 

pregnancy (proportion) 

Country 

covariate Prevalence 

0.299 (0.007 - 

0.493) 

1.349 (1.007 - 

1.637) 

Total 

cardiovascular 

congenital 

anomalies 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.075 (-0.108 

- -0.042) 

0.927 (0.897 - 

0.959) 

Total 

cardiovascular 

congenital 

anomalies 

EUROCAT to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.003 (-0.008 

- -0.000) 

0.997 (0.992 - 

1.000) 

Total 

cardiovascular 

congenital 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-1.618 (-1.828 

- -0.626) 

0.198 (0.161 - 

0.535) 

Total 

cardiovascular 

congenital 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

0.013 (-0.124 

- 0.200) 

1.013 (0.883 - 

1.221) 

Total 

cardiovascular 

congenital 

anomalies 

ICDBSR to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-1.400 (-1.554 

- -1.318) 

0.247 (0.211 - 

0.268) 

Total 

cardiovascular 

congenital 

anomalies MarketScan 

Study-level x-

covariate Prevalence 

-0.700 (-0.824 

- -0.042) 

0.496 (0.439 - 

0.959) 

Total 

cardiovascular 

congenital 

anomalies 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.084 (0.037 - 

0.099) 

1.088 (1.038 - 

1.105) 

Total 

cardiovascular 

congenital 

anomalies 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.097 (0.089 - 

0.100) 

1.102 (1.093 - 

1.105) 

 

   Prevalence 

Site-years (total) 1618 

Number of countries with data 64 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Single ventricle and single ventricle pathway defects model settings 

In the DisMod model of single ventricle and single ventricle pathway heart defects, random effects on 

prevalence were limited to +- 0.5 in order to limit the estimated geographic variation in birth prevalence. 

A minimum excess mortality rate of 10.0 was set for the early neonatal period in order to capture the 

high mortality risk, based on expert priors and a review available literature on the mortality risk among 

infants born with single ventricle and single ventricle pathway heart defects. The smoothness on excess 

mortality rate was set to 5.0 in order to fit steep changes in the excess mortality rate during the first 
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weeks of life, and a decreasing slope prior on excess mortality rate was applied to all ages, as the risk of 

death due to these congenital heart anomalies is greatest shortly after birth and diminishes over the life 

course.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Single ventricle 

and single 

ventricle pathway 

heart defects LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.747 (-0.998 

- -0.500) 

0.474 (0.369 - 

0.607) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

Maternal alcohol 

consumption during 

pregnancy (proportion) 

Country 

covariate Prevalence 

0.139 (0.005 - 

0.436) 

1.149 (1.005 - 

1.547) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.046 (-0.089 

- -0.008) 

0.955 (0.915 - 

0.992) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

EUROCAT to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.035 (-0.100 

- -0.001) 

0.966 (0.904 - 

0.999) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.014 (-0.049 

- -0.000) 

0.986 (0.953 - 

1.000) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.014 (-0.045 

- -0.000) 

0.986 (0.956 - 

1.000) 

Single ventricle 

and single 

ventricle pathway 

heart defects MarketScan 

Study-level x-

covariate Prevalence 

-0.001 (-0.003 

- -0.000) 

0.999 (0.997 - 

1.000) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.002 (0.000 - 

0.009) 

1.002 (1.000 - 

1.009) 

Single ventricle 

and single 

ventricle pathway 

heart defects 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.012 (0.000 - 

0.046) 

1.012 (1.000 - 

1.047) 

Single ventricle 

and single 

ventricle pathway 

heart defects Under Reported 

Study-level x-

covariate Prevalence 

-0.317 (-0.412 

- -0.222) 

0.728 (0.662 - 

0.801) 

 

   Prevalence 

Site-years (total) 1332 

Number of countries with data 48 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Severe congenital heart defects excluding single ventricle and single ventricle pathway defects 

model settings 

In the DisMod model of congenital heart defects excluding single ventricle and single ventricle pathway 

defects, random effects on prevalence were limited to +- 0.5. A minimum excess mortality rate of 5.0 for 

the early neonatal period was enforced in order to capture the high risk of mortality associated with 

these conditions, and a decreasing slope prior on excess mortality rate was applied for all ages. The 
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smoothness on excess mortality rate was set to Xi = 1.0 in order to allow the model to fit steep changes in 

the mortality rate of these conditions in the neonatal age period.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.621 (-1.000 

- -0.250) 

0.537 (0.368 - 

0.779) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

Maternal alcohol 

consumption during 

pregnancy (proportion) 

Country 

covariate Prevalence 

0.365 (0.094 - 

0.497) 

1.441 (1.099 - 

1.644) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.204 (-0.231 

- -0.180) 

0.815 (0.794 - 

0.835) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

EUROCAT to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.309 (-0.544 

- -0.145) 

0.734 (0.580 - 

0.865) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.068 (-0.235 

- -0.002) 

0.935 (0.790 - 

0.998) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.137 (-0.287 

- -0.020) 

0.872 (0.751 - 

0.980) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

ICDBSR to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.781 (-0.827 

- -0.729) 

0.458 (0.437 - 

0.483) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.004 (0.001 - 

0.013) 

1.004 (1.001 - 

1.013) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.072 (0.009 - 

0.135) 

1.074 (1.009 - 

1.145) 

Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway Under Reported 

Study-level x-

covariate Prevalence 

-0.174 (-0.344 

- -0.044) 

0.840 (0.709 - 

0.957) 
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Severe congenital 

heart defects 

excluding single 

ventricle and 

single ventricle 

pathway 

World Atlas to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.826 (-0.881 

- -0.766) 

0.438 (0.414 - 

0.465) 

 

   Prevalence 

Site-years (total) 1344 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Critical malformations of great vessels, congenital valvular heart disease and patent ductus 

arteriosis model settings 

In the DisMod model of critical malformations of great vessels, congenital valvular heart disease and 

patent ductus arteriosis, random effects on prevalence were limited to +- 0.5. A minimum excess 

mortality rate of 5.0 was set for the early neonatal period in order to capture the high mortality risk 

associated with these conditions. A decreasing slope prior was applied to excess mortality rate for all 

ages, as the risk of death due to congenital heart anomalies is highest shortly after birth. The smoothness 

on excess mortality was increased to Xi = 3.0 in order to fit steep changes in the mortality associated with 

these conditions during and after the neonatal period.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.275 (-0.500 

- -0.056) 

0.760 (0.607 - 

0.946) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

Maternal alcohol 

consumption during 

pregnancy (proportion) 

Country 

covariate Prevalence 

0.130 (0.004 - 

0.453) 

1.139 (1.004 - 

1.573) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.068 (-0.100 

- -0.032) 

0.934 (0.905 - 

0.969) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

EUROCAT to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.169 (-0.386 

- -0.021) 

0.845 (0.680 - 

0.979) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.274 (-0.670 

- -0.002) 

0.760 (0.512 - 

0.998) 
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patent ductus 

arteriosis 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.090 (-0.387 

- -0.003) 

0.914 (0.679 - 

0.997) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

ICDBSR to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.504 (-0.752 

- -0.396) 

0.604 (0.472 - 

0.673) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis MarketScan 

Study-level x-

covariate Prevalence 

-0.059 (-0.225 

- -0.001) 

0.942 (0.799 - 

0.999) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.009 (0.000 - 

0.033) 

1.009 (1.000 - 

1.034) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.150 (0.000 - 

0.296) 

1.162 (1.000 - 

1.345) 

Critical 

malformations of 

great vessels, 

congenital valvular 

heart disease and 

patent ductus 

arteriosis Under Reported 

Study-level x-

covariate Prevalence 

-0.315 (-0.423 

- -0.187) 

0.730 (0.655 - 

0.830) 

 

   Prevalence 

Site-years (total) 1618 

Number of countries with data 64 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Ventricular septal defects and atrial septal defects model settings 

In the DisMod model of ventricular septal defects and atrial septal defects (VSD/ASD), remission was set 

to zero for all ages. Cases of septal defects that spontaneously close over time were considered as part of 

the asymptomatic proportion of VSD/ASD rather than remitted cases.  Random effects on prevalence 

were limited to +- 0.3 in order to limit the random geographic variation in the estimated birth prevalence. 

No minimum excess mortality rate was set in this model, as VSD/ASD cases are not associated with excess 

mortality rates as high as the other subtypes of congenital heart defects. The smoothness on excess 

mortality rate was set to Xi=1.0, and a decreasing slope prior was set on excess mortality rate for all ages. 
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Cause Covariate name Type Measure Beta value Exponentiated 

value 

Ventricular septal 

defect and atrial 

septal defect 

Healthcare access and 

quality index 

Country 

covariate 

With-condition 

mortality rate 

-0.089 (-0.154 

- -0.045) 

0.915 (0.858 - 

0.956) 

Ventricular septal 

defect and atrial 

septal defect LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.025 (-0.050 

- -0.000) 

0.975 (0.952 - 

1.000) 

Ventricular septal 

defect and atrial 

septal defect 

Maternal alcohol 

consumption during 

pregnancy (proportion) 

Country 

covariate Prevalence 

0.229 (0.039 - 

0.442) 

1.257 (1.040 - 

1.556) 

Ventricular septal 

defect and atrial 

septal defect 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-1.558 (-1.684 

- -1.440) 

0.211 (0.186 - 

0.237) 

Ventricular septal 

defect and atrial 

septal defect 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.118 (-0.265 

- -0.010) 

0.889 (0.767 - 

0.991) 

Ventricular septal 

defect and atrial 

septal defect MarketScan 

Study-level x-

covariate Prevalence 

-1.052 (-1.197 

- -0.948) 

0.349 (0.302 - 

0.387) 

Ventricular septal 

defect and atrial 

septal defect 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.041 (0.002 - 

0.113) 

1.042 (1.002 - 

1.120) 

Ventricular septal 

defect and atrial 

septal defect 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.128 (0.007 - 

0.281) 

1.137 (1.007 - 

1.325) 

Ventricular septal 

defect and atrial 

septal defect Under Reported 

Study-level x-

covariate Prevalence 

-0.536 (-0.669 

- -0.400) 

0.585 (0.512 - 

0.670) 

 

   Prevalence 

Site-years (total) 1142 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Other congenital cardiovascular birth defects 

Other congenital cardiovascular anomalies are modeled by applying the ratio of other congenital 

digestive anomalies to total congenital digestive anomalies as it is reflected in Marketscan data (a trusted 

data source), to the sum of the sub-causes of congenital cardiovascular anomalies. The result is 

prevalence of other congenital cardiovascular anomalies by age/year/sex/location. 

Cleft lip & cleft palate (orofacial clefts) 

Case definition and associated health states  

Orofacial clefts include isolated cleft lip, isolated cleft palate, and combined cleft lip and cleft palate. Cleft 

lip is an opening in the upper lip that may extend into the nose, and with cleft palate, the roof of the 

mouth contains an opening into the nose. Both conditions are the result of the tissues of the face not 

joining properly during development. These conditions can be successfully treated by surgery, which is 

typically done during the first few months or years of life but may occasionally be completed later in life. 

The sequelae associated with orofacial clefts are disfigurement level 1, disfigurement level 2, and 

disfigurement level 2 with speech problems. Additionally, a proportion of the population with orofacial 

clefts is considered to be asymptomatic. The proportion of cleft cases with associated speech problems 

was calculated following a review of available literature on orofacial cleft health outcomes. 
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 The GBD case definition of orofacial clefts includes isolated cleft palate, which corresponds to ICD-10 

codes Q35.2, Q35.3, Q35.5, Q35.6, Q35.7, Q35.8, and Q35.9, and cleft palate with or without cleft lip, 

which corresponds to ICD-10 codes Q36.0, Q36.1, Q36.9, Q37.1, Q37.5, Q37.8, and Q37.9. 

 

Modelling strategy and model settings  

The DisMod-MR model of orofacial clefts had random effects on prevalence limited to +- 0.5, as we 

expected limited variation in birth prevalence of orofacial clefts.  The model settings allow increased 

smoothness on both excess mortality rate and remission (maximum Xi = 5.0) in order to fit steep changes 

in the rates mortality and remission during the first few years of life. 

Incidence was set to zero for all ages. Remission was set to zero for the first three months of life, as cleft 

lip and/or palate are rarely corrected in the first few months of life. A maximum remission of 0.8 was set 

for ages three months to two years, the age range in which cleft repair is most commonly performed, 

allowing up to 75% of cleft cases to be repaired between three months and 2 years of age. Remission was 

bounded from 0 to 0.07 for ages 2 to 5 years,  0 to 0.004 for ages 5 to 20 years, then bounded from 0 to 

0.002 for ages 20 to 50 years, and set at 0 for ages 50 years +. These limits on remission reflect our priors 

that up to 20% of remaining cleft cases are repaired between 2 and 5 years of age, another 5% may be 

repaired between 5 and 20 years of age, and a maximum 5% of remaining cases are surgically repaired 

between ages 20 and 50 years.  

Priors on excess mortality rate were set at a maximum of 2.5 for the early neonatal period, 0.9 for the 

late neonatal period,  0.24 for the rest of the first year of life, 0.05 for ages 1 to 5 years, and was set to 0 

for ages after 5 years.  These limits on excess mortality reflect our priors that up to 5% of individuals with 

orofacial clefts die in the first week of life, up to 5% die in the following three weeks, up to 20% die in the 

next 11 months, another maximum of 20% before 5 years of ages, and a maximum of 5% of the 

remaining individuals die between ages 5 and 10 years.  

During model development, all birth registry prevalence values below 2 per 10,000 were excluded as 

outliers, as these data are considered low enough to indicate severe under-reporting in the input data.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Orofacial clefts Composite fortification 

standard and folic acid 

inclusion 

Country 

covariate 

Prevalence -0.109 (-0.140 

- -0.075) 

0.897 (0.869 - 

0.928) 

Orofacial clefts Folic acid unadjusted 

(ug) 

Country 

covariate 

Prevalence -0.000 (-0.000 

- -0.000) 

1.000 (1.000 - 

1.000) 

Orofacial clefts Healthcare access and 

quality index 

Country 

covariate 

Prevalence -0.005 (-0.005 

- -0.004) 

0.995 (0.995 - 

0.996) 

Orofacial clefts LDI (I$ per capita) Country 

covariate 

Excess mortality 

rate 

-0.749 (-0.750 

- -0.746) 

0.473 (0.472 - 

0.474) 

Orofacial clefts Chromosomal diagnoses 

excluded 

Study-level x-

covariate 

Prevalence -0.117 (-0.135 

- -0.098) 

0.889 (0.874 - 

0.906) 

Orofacial clefts Hospital data for ages 

over 1 year only 

Study-level x-

covariate 

Prevalence -0.519 (-0.617 

- -0.420) 

0.595 (0.540 - 

0.657) 

Orofacial clefts Hospital data for the 

under-1 year age group 

Study-level x-

covariate 

Prevalence -0.241 (-0.326 

- -0.154) 

0.786 (0.722 - 

0.857) 

Orofacial clefts MarketScan Study-level x-

covariate 

Prevalence -0.230 (-0.271 

- -0.189) 

0.795 (0.762 - 

0.828) 

Orofacial clefts Stillbirths included as 

cases 

Study-level x-

covariate 

Prevalence 0.071 (0.043 - 

0.099) 

1.074 (1.044 - 

1.104) 

Orofacial clefts Under Reported Study-level x-

covariate 

Prevalence -0.399 (-0.545 

- -0.259) 

0.671 (0.580 - 

0.772) 

Orofacial clefts Under Reported Study-level z-

covariate 

Prevalence 0.116 (0.046 - 

0.215) 

1.123 (1.047 - 

1.239) 

674



 18 

 

 

   Prevalence 

Site-years (total) 1701 

Number of countries with data 65 

Number of GBD regions with data (out of 21 regions) 18 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Chromosomal Anomalies  

In addition to Down syndrome, Turner syndrome, and Klinefelter syndrome, hundreds of different types 

of chromosomal abnormalities and other genetic syndromes have been identified, described, and 

categorized. Commonalties between genetic syndromes include the predisposition of affected persons to 

have dysmorphic body features, congenital heart disease, endocrine problems, and neurodevelopmental 

abnormalities that can lead to intellectual disability. Many of those with chromosomal abnormalities can 

be readily recognized or suspected by such features. While each has hallmark physical features and 

diagnostic criteria, most also require sophisticated laboratory facilities to confirm diagnosis, which means 

that especｷ;ﾉﾉ┞ ｷﾐ ﾉﾗ┘Wヴ ヴWゲﾗ┌ヴIW ゲWデデｷﾐｪゲが ; ﾉ;ヴｪW ﾐ┌ﾏHWヴ ﾗa I;ゲWゲ ;ヴW Sｷ;ｪﾐﾗゲWS ;ゲ ｴ;┗ｷﾐｪ さ┌ﾐゲヮWIｷaｷWS 
Iｴヴﾗﾏﾗゲﾗﾏ;ﾉ ;Hﾐﾗヴﾏ;ﾉｷデｷWゲざ ┘ｴｷIｴ ｷゲ ;ﾐ ICD IﾗSW デｴ;デ IﾗヴヴWゲヮﾗﾐSゲ デﾗ デｴW GBD I;┌ゲW ﾗa さﾗデｴWヴ 
Iｴヴﾗﾏﾗゲﾗﾏ;ﾉ ;Hﾐﾗヴﾏ;ﾉｷデｷWゲくざ Additionally, most congenital birth defects registries have only limited 

comprehensiveness as they only track a subset of genetic syndromes.  

Total chromosomal anomalies 

In order to maximize the data basis for estimating chromosomal abnormalities and genetic syndromes, 

we therefore completed an analysis of all chromosomal abnormalities together, leveraging cause-specific 

ﾏﾗヴデ;ﾉｷデ┞ ヴWゲ┌ﾉデゲ aヴﾗﾏ デｴW GBD COD ;ﾐ;ﾉ┞ゲｷゲ ふaﾗヴ Dﾗ┘ﾐ ゲ┞ﾐSヴﾗﾏW ヮﾉ┌ゲ さﾗデｴWヴ Iｴヴﾗﾏﾗゲﾗﾏ;ﾉ 
;Hﾐﾗヴﾏ;ﾉｷデｷWゲざぶが ;ﾉﾉ ヮヴW┗;ﾉWﾐIW S;デ; aヴﾗﾏ ヴWｪｷゲデヴｷWゲが ;ﾐS IﾉｷﾐｷI;ﾉ ;Sﾏｷﾐｷゲデヴ;デｷ┗W S;デ; ふｴﾗゲヮital and claims). 

This modelled estimate of total chromosomal abnormalities was run in DisMod-MR 2.1 and served as the 

basis for scaling the remaining specific causes (Down, Klinefelter, Turner, Edward/Patau) and estimating 

the remainder.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Total 

chromosomal 

congenital 

anomalies LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.334 (-1.204 

- -0.000) 

0.716 (0.300 - 

1.000) 

Total 

chromosomal 

congenital 

anomalies Legality of Abortion 

Country 

covariate Prevalence 

-0.006 (-0.010 

- -0.002) 

0.994 (0.990 - 

0.998) 

Total 

chromosomal 

congenital 

anomalies 

Live Births 35+ 

(proportion) 

Country 

covariate Prevalence 

0.211 (0.133 - 

0.276) 

1.235 (1.142 - 

1.318) 

Total 

chromosomal 

congenital 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.807 (-0.994 

- -0.466) 

0.446 (0.370 - 

0.628) 

Total 

chromosomal 

congenital 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.114 (-0.459 

- 0.285) 

0.892 (0.632 - 

1.330) 
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Total 

chromosomal 

congenital 

anomalies MarketScan 

Study-level x-

covariate Prevalence 

-0.499 (-0.653 

- -0.282) 

0.607 (0.521 - 

0.754) 

 

   Prevalence 

Site-years (total) 597 

Number of countries with data 31 

Number of GBD regions with data (out of 21 regions) 11 

Number of GBD super-regions with data (out of 7 super-

regions) 5 

 

Down Syndrome 

Case definition and associated health states  

Down syndrome, also known as Trisomy 21, is the presence of a third copy of chromosome 21, typically 

caused by nondisjunction during the production of gametes. Down syndrome is associated with several 

specific physical characteristics, including decreased muscle tone, flat facial features, an upward slant to 

the eyes, abnormally shaped ears, a single deep crease across the center of the palm, folded skin on the 

inner corners of the eyes, and ability to extend joints beyond the usual, among others. The GBD case 

definition of Down syndrome includes ICD-10 codes Q90.0, Q90.1, Q90.2, and Q90.9. 

 Individuals with Down syndrome may have several combinations of sequelae: those included in the GBD 

sequelae list are intellectual disability, congenital heart disease, and dementia. The joint distribution of 

intellectual disability, congenital heart disease, and dementia associated with cases of Down Syndrome 

was derived from a review of literature on long-term outcomes in cohorts of Down Syndrome individuals. 

To calculate the severity distribution of intellectual disability due to Down Syndrome, we used literature 

values for the IQ distribution of individuals with Down Syndromexiv and calculated the area under the 

curve. We obtained age-specific proportions of individuals with Down Syndrome and dementia, and thus 

global age patterns were modelled to calculate the proportion of the population with each combination 

of sequelae for each of the following age ranges: 0-44 years, 45-49 years, 50-54 years, 55-69 years, 70-79 

years, and 80+ years.  

 

Modelling strategy and model settings  

The DisMod-MR model of Down Syndrome excluded all data with a prevalence of zero as outliers, as we 

expect that these low values are indicative of under-reporting in the data sources. The DisMod model 

used cause-specific mortality rate data from the corresponding Down Syndrome model in the GBD Cause 

of Death analysis, and converted these data to excess mortality rate estimates where matching 

prevalence data is available. Random effects on prevalence were limited to +- 0.5 and random effects on 

excess mortality rate are limited to +- 1.0 in order to limit the geographic variation in birth prevalence 

allowed in the model. The maximum smoothness on excess mortality rate was increased to x= 2.0 in 

order to fit the observed steep decline in the mortality risk associated with Down Syndrome after the 

neonatal age range.  

Of note, the use of cause-specific mortality data in the nonfatal model of Down Syndrome is a substantial 

change in the modelling strategy as compared to the previous iterations of the GBD, and results in much 

better-informed excess mortality estimates driving the Down Syndrome prevalence estimates across the 

life course.  
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Cause Covariate name Type Measure Beta value Exponentiated 

value 

Down syndrome LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.272 (-0.310 

- -0.230) 

0.762 (0.733 - 

0.794) 

Down syndrome Legality of Abortion 

Country 

covariate Prevalence 

-0.005 (-0.007 

- -0.003) 

0.995 (0.993 - 

0.997) 

Down syndrome 

Live Births 35+ 

(proportion) 

Country 

covariate Prevalence 

0.026 (0.002 - 

0.067) 

1.026 (1.002 - 

1.069) 

Down syndrome 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.310 (-0.562 

- -0.057) 

0.734 (0.570 - 

0.945) 

Down syndrome 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

0.234 (0.080 - 

0.381) 

1.263 (1.083 - 

1.464) 

Down syndrome MarketScan 

Study-level x-

covariate Prevalence 

-0.157 (-0.201 

- -0.118) 

0.854 (0.818 - 

0.888) 

Down syndrome 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.020 (-0.032 

- 0.071) 

1.020 (0.968 - 

1.073) 

Down syndrome 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.006 (-0.048 

- 0.108) 

1.006 (0.953 - 

1.114) 

 

   Prevalence 

Site-years (total) 1585 

Number of countries with data 61 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Turner Syndrome 

Case definitions and associated health states 

Turner syndrome, also known as 45 XO, is a condition in which a female is partly or completely missing an 

X chromosome. Turner syndrome can lead to a variety of medical and developmental problems, including 

short height, failure to start puberty, infertility, heart defects, learning disabilities, and difficulty with 

social adjustment. The GBD case definition of Turner syndrome includes ICD-10 codes Q96.0, Q96.3, and 

Q96.9. The sequelae associated with Turner syndrome are congenital heart disease, infertility, and the 

combination of both congenital heart disease and infertility; additionally, a subset of individuals with 

Turner syndrome are asymptomatic. The distribution of these sequelae was determined by a review of 

existing literature on the long-term health consequences of Turner Syndrome. 

 

Modelling strategy and model settings  

One of the known limitations to the use of birth prevalence data on Turner Syndrome is that individuals 

with Turner Syndrome are commonly diagnosed later in life rather than prenatally or at birth. Thus, we 

implemented a correction factor to account for under-diagnosis in all birth registry data sources, using 

available literature on the trends in age pattern of Turner Syndrome diagnosis over timexv ; although 

improvements in diagnoses have occurred over time, only between 15% and 30% of all diagnosed Turner 

Syndrome cases are diagnosed before one year of age. Additionally, the reported denominators from all 

birth registries に the number of live births in each registry catchment area に were adjusted to include only 

female births using the GBD fertility estimates of the age, year, and location-specific proportion of total 

live births that are female. Furthermore, all prevalence data with values of zero were excluded as outliers, 

as these low values indicate severe under-reporting in the input data. These modelling strategy changes 

677



 21 

address known causes of under-reporting of Turner Syndrome in the previous iterations of the GBD and 

resulted in higher estimates of Turner Syndrome than were reported previously.  

The DisMod-MR model of Turner Syndrome had an excess mortality rate capped at 0.1 (slightly higher 

than the highest available literature estimate of excess mortality rate?). The model did not have a slope 

prior set on excess mortality rate as the risk of mortality associated with Turner Syndrome is not specific 

to the neonatal ages. This model also allows an increased maximum smoothness on excess mortality rate 

and random effects on prevalence limited to +- 0.5 in order to limit random geographic variation in the 

estimated birth prevalence of Turner Syndrome. 

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Turner syndrome 

Healthcare access and 

quality index 

Country 

covariate 

Excess mortality 

rate 

-0.124 (-0.250 

- 0.000) 

0.883 (0.779 - 

1.000) 

Turner syndrome LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.149 (-0.300 

- 0.000) 

0.862 (0.741 - 

1.000) 

Turner syndrome 

Live Births 35+ 

(proportion) 

Country 

covariate Prevalence 

-0.126 (-0.285 

- -0.005) 

0.882 (0.752 - 

0.995) 

Turner syndrome 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.925 (-1.091 

- -0.750) 

0.397 (0.336 - 

0.472) 

Turner syndrome 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.296 (-0.653 

- -0.016) 

0.744 (0.521 - 

0.984) 

Turner syndrome MarketScan 

Study-level x-

covariate Prevalence 

-1.126 (-1.229 

- -1.010) 

0.324 (0.293 - 

0.364) 

 

   Prevalence 

Site-years (total) 1336 

Number of countries with data 46 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

Klinefelter Syndrome 

Case definitions and associated health states 

Klinefelter syndrome, also known as 47 XXY, is a condition in which a male is born with an extra X 

chromosome in all or some of his cells. We also include other genotypes with supranumary X 

chromosomes, e.g. XXXY, XXXXY, etc. The primary feature of Klinefelter syndrome is sterility, but it can 

cause a variety of other conditions, including weaker muscles, increased height, poor coordination 

abilities, smaller genitals, breast growth, and reduced sexual drive as a result of lower testosterone levels. 

The GBD case definition of Klinefelter syndrome includes ICD-10 codes Q98.0, Q98.5, and Q99.8. The 

sequelae associated with Klinefelter syndrome are borderline intellectual disability, mild intellectual 

disability, primary infertility, the combination of borderline intellectual disability and infertility, and the 

combination of mild intellectual disability and infertility. In addition, a subset of individuals with 

Klinefelter syndrome are asymptomatic. The distribution of these sequelae was determined by a review 

of existing literature on the long-term health consequences of Turner Syndrome. 

 

Modelling strategy and model settings 

As discussed above for Turner Syndrome, one limitation to the use of birth registry data for the 

estimation of Klinefelter Syndrome is that many individuals with Klinefelter Syndrome are not diagnosed 

678



 22 

prenatally or at birth. To correct this systematic under-reporting in the birth registry data, we applied a 

correction factor to all birth registry input data using available literature on the age pattern of Klinefelter 

Syndrome diagnosisxvi. We also adjusted the both-sex live birth denominators provided in registry data 

using location, age, and year-specific proportions of all live births that were male. Furthermore, all 

prevalence data with values of zero were excluded as outliers, as these low values indicate severe under-

reporting in the input data. These modelling strategy changes address known causes of under-reporting 

in the previous iterations of the GBD and resulted in higher estimates of Klinefelter Syndrome than were 

reported previously. 

The DisMod-MR model of Klinefelter Syndrome had an excess mortality rate maximum limit of 0.075, 

allowing the model to fit estimates of excess mortality up to slightly higher than the highest reported 

literature values. The model did not have a slope prior set on excess mortality and allowed an increased 

smoothness on excess mortality rate. As with several of the other models of chromosomal conditions, 

random effects on prevalence were limited to +- 0.5 in order to limit random geographic variation in the 

estimates of birth prevalence.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Klinefelter 

syndrome LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.151 (-0.295 

- -0.002) 

0.860 (0.744 - 

0.998) 

Klinefelter 

syndrome Legality of Abortion 

Country 

covariate Prevalence 

-0.000 (-0.002 

- -0.000) 

1.000 (0.998 - 

1.000) 

Klinefelter 

syndrome 

Live Births 35+ 

(proportion) 

Country 

covariate Prevalence 

0.263 (0.168 - 

0.299) 

1.301 (1.183 - 

1.349) 

Klinefelter 

syndrome 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-1.823 (-1.989 

- -1.620) 

0.162 (0.137 - 

0.198) 

Klinefelter 

syndrome 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.536 (-0.838 

- -0.198) 

0.585 (0.432 - 

0.821) 

Klinefelter 

syndrome MarketScan 

Study-level x-

covariate Prevalence 

-2.700 (-3.077 

- -2.266) 

0.067 (0.046 - 

0.104) 

 

 

Other chromosomal abnormalities, genetic syndromes, and microdeletions 

Case definitions and associated health states 

Unbalanced chromosomal rearrangements are genetic anomalies that typically occur due to meiotic 

nondisjunction, when homologous chromosomes do not separate normally in nuclear division during 

gamete formation. The GBD case definition of other chromosomal rearrangements includes 47,XXX 

(Triple X syndrome), other meiotic nondisjunction events, other female sex chromosome abnormalities, 

and other unspecified chromosomal abnormalities. The GBD case definition corresponds to the ICD-10 

codes Q92.0, Q97.0, Q97.8, and Q99.9. Excluded from this definition are the chromosomal abnormalities 

of Down syndrome, Turner syndrome, Klinefelter syndrome, Edward syndrome and Patau syndrome, 

which are each modelled separately. The sequelae associated with other chromosomal rearrangements 

include intellectual disability, intellectual disability with dementia, intellectual disability with congenital 

heart disease and dementia, and intellectual disability with congenital heart disease. Additionally, a 

  Prevalence

Site-years (total) 864

Number of countries with data 36

Number of GBD regions with data (out of 21 regions) 11

Number of GBD super-regions with data (out of 7 super-regions) 5
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proportion of the individuals with unbalanced chromosomal rearrangements are asymptomatic. In the 

absence of available literature on the long-term health outcomes among individuals with other 

chromosomal conditions, the severity distributions associated with Down Syndrome were used for the 

sequela associated with other chromosomal anomalies.  

Edwards Syndrome, also known as Trisomy 18, is the condition in which infants are born with a third copy 

of chromosome 18. Patau syndrome, also known as Trisomy 13, is the condition in which infants are born 

with a third copy of chromosome 13. The GBD estimates the combined prevalence of these two 

conditions in a single model as they present similarly and are associated with similar rates of excess 

mortality. Infants with Edwards syndrome typically have low birthweights and a range of associated 

conditions including a small head and jaw, limb abnormalities, and severe intellectual disability. Infants 

with Patau syndrome have a range of associated defects including musculoskeletal anomalies, 

developmental abnormalities of the nervous system such as microcephaly, congenital heart defects and 

severe intellectual disability. The ICD-10 code for Edwards syndrome is Q91.3 and the ICD-10 code for 

Patau syndrome is Q91.7. In the GBD 2017, all cases of Edwards and Patau syndrome are assigned the 

sequela of severe motor and cognitive impairment, and a proportion of these cases are also associated 

with congenital heart disease. The proportion of cases with associated congenital heart disease was 

0.775, derived by pooling estimates from available literature on the health states associated with the two 

trisomiesxvii xviii. This continues to be the case for GBD 2017. 

 

Modelling strategy and model settings 

Other chromosomal anomalies were calculated based on reducing the model of total chromosomal 

anomalies by each of the chromosomal sub-causes, and the remaining prevalence was attributed to other 

chromosomal anomalies.  

In the DisMod-MR model of Edwards Syndrome and Patau Syndrome, random effects on prevalence were 

limited to +- 0.5, reflecting the expectation of limited geographic variation in the birth prevalence of 

Edwards Syndrome and Patau Syndrome. An increasing slope prior was set on excess mortality rate for all 

ages, as individuals with these trisomies generally die within the first few years of life. The model allowed 

a maximum smoothness of Xi = 2.0 in order to fit high excess mortality in the early age groups.   

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Edward Syndrome 

and Patau 

Syndrome 

Healthcare access and 

quality index 

Country 

covariate 

Excess mortality 

rate 

-0.125 (-0.248 

- -0.000) 

0.883 (0.780 - 

1.000) 

Edward Syndrome 

and Patau 

Syndrome LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.025 (-0.050 

- -0.000) 

0.975 (0.952 - 

1.000) 

Edward Syndrome 

and Patau 

Syndrome Legality of Abortion 

Country 

covariate Prevalence 

-0.002 (-0.004 

- -0.000) 

0.998 (0.996 - 

1.000) 

Edward Syndrome 

and Patau 

Syndrome 

Live Births 35+ 

(proportion) 

Country 

covariate Prevalence 

0.061 (0.002 - 

0.221) 

1.063 (1.002 - 

1.248) 

Edward Syndrome 

and Patau 

Syndrome Hospital data 

Study-level x-

covariate Prevalence 

0.576 (0.099 - 

0.919) 

1.778 (1.104 - 

2.506) 

Edward Syndrome 

and Patau 

Syndrome MarketScan 

Study-level x-

covariate Prevalence 

-0.040 (-0.163 

- -0.001) 

0.961 (0.849 - 

0.999) 

Edward Syndrome 

and Patau 

Syndrome 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.136 (0.039 - 

0.243) 

1.145 (1.039 - 

1.275) 
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Edward Syndrome 

and Patau 

Syndrome 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.229 (0.098 - 

0.298) 

1.257 (1.102 - 

1.348) 

Edward Syndrome 

and Patau 

Syndrome Under Reported 

Study-level x-

covariate Prevalence 

-0.833 (-0.993 

- -0.567) 

0.435 (0.370 - 

0.567) 

 

   Prevalence 

Site-years (total) 1094 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 13 

Number of GBD super-regions with data (out of 7 super-

regions) 4 

 

All input data with birth prevalence values of zero were excluded as outliers, as these values represent 

under-reporting and low case ascertainment in the input data rather than a true lack of these 

chromosomal conditions in the corresponding locations.  

 

Musculoskeletal congenital anomalies 

Case definitions and associated health states  

The GBD definition of musculoskeletal congenital anomalies includes any anomalies of the muscles or 

skeletal system present at birth that are not caused by a defined chromosomal syndrome. Within the 

range of congenital musculoskeletal anomalies, we explicitly model three sub-categories: polydactyly and 

syndactyly, limb reduction defects, and all other congenital musculoskeletal anomalies.  

Polydactyly is the condition of being born with at least one extra digit on either the hand or the foot, 

while syndactyly is absence of at least one digit. Our case definition of polydactyly corresponds to ICD-10 

code Q69, and syndactyly corresponds to Q70. The sequela associated with all cases of polydactyly and 

syndactyly is level 1 disfigurement. Limb reduction defects are the condition where a part or all of the 

arm or limb of a fetus fails to form during development, so that the limb is either reduced from its normal 

size or missing entirely. The GBD case definition of limb reduction defects corresponds with ICD-10 codes 

Q71 (all three-digit codes under Q71), Q72 (all three-digit codes), Q73.0, Q73.1 and Q73.8.  

The other congenital musculoskeletal anomalies included within the total estimate of congenital 

musculoskeletal anomalies includes clubfoot, skeletal dysplasias, congenital deformities of the spine, 

IﾗﾐｪWﾐｷデ;ﾉ S┞ゲヮﾉ;ゲｷ; ﾗa デｴW ｴｷヮが ;ﾐS ﾗデｴWヴ IﾗﾐｪWﾐｷデ;ﾉ ﾏ┌ゲI┌ﾉﾗゲﾆWﾉWデ;ﾉ ;ﾐﾗﾏ;ﾉｷWゲく Tｴｷゲ さﾗデｴWヴざ I;デWｪﾗヴ┞ 
corresponds to ICD-10 codes Q65, Q65.0, Q65.00, Q65.01, Q65.02, Q65.1; Q65.2; Q65.8; Q65.81; Q65.82; 

Q65.89; Q65.9; Q66; Q66.0; Q66.1; Q68; Q68.1; Q68.2; Q68.6; Q68.8; Q74; Q74.1; Q74.2; Q74.3; Q74.9; 

Q75; Q75.0; Q75.5; Q75.9; Q79.8; Q79.9, Q76; Q76.1; Q76.2; Q76.3; Q76.4; Q76.41; Q76.411; Q76.412; 

Q76.413; Q76.414; Q76.415; Q76.419; Q76.42; Q76.425; Q76.426; Q76.427; Q76.428; Q76.429; Q76.49; 

Q76.8; Q76.9, Q77; Q77.0; Q77.1; Q77.2; Q77.3; Q77.4; Q77.5; Q77.6; Q77.7; Q77.8; Q77.9; Q78; Q78.0; 

Q78.1; Q78.2; Q78.3; Q78.4; Q78.5; Q78.6; Q78.8, and Q78.9.  

All cases of polydactyly and syndactyly are assigned the health state of level 1 disfigurement. Remission is 

allowed in the model of polydactyly and syndactyly, as individuals born with these conditions may have 

them surgically corrected and are then no longer considered within our case definition. However, 

remission is not included in the models of limb reduction defects or other congenital musculoskeletal 

defects, as these conditions typically cannot be fully surgically corrected. All cases of limb reduction 
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defects are associated with level 2 disfigurement. A proportion of limb reduction defect cases are 

associated with no motor impairment, mild motor impairment with and without pain, and moderate 

motor impairment with and without pain. The distribution of health states associated with congenital 

limb reduction was derived from an analysis of available literature on the long-term outcomes among 

individuals with congenital limb reductionsxix xx .  

In the absence comprehensive literature on the long-term outcomes associated with the category of 

other congenital musculoskeletal anomalies, prevalence estimates of other congenital musculoskeletal 

anomalies were assigned health states using the proportions derived for limb reduction defects.  

 

Modelling strategy and model settings  

As with other categories of congenital anomalies, a model of total musculoskeletal anomalies was used as 

an envelope model and the sub-categories of congenital musculoskeletal anomalies were squeezed 

proportionally to these total estimates. The prevalence of other congenital musculoskeletal anomalies 

was derived from reducing the total musculoskeletal prevalence by polydactyly/syndactyly and limb 

reduction deficits prevalence.  

 

Total musculoskeletal birth defects 

The DisMod model of total musculoskeletal anomalies used cause-specific mortality estimates from the 

corresponding model in the GBD Causes of Death analysis, and converted these data to excess mortality 

estimates where corresponding prevalence data were available. Random effects on prevalence were 

limited to +- 0.5 in order to limit geographic variation in the birth prevalence of congenital 

musculoskeletal anomalies. Smoothness on excess mortality rate was increased to Xi= 2.0 to allow the 

model to fit a steep decrease in excess mortality rate after the earliest age groups. The model also 

included a decreasing slope prior on excess mortality rate for all ages, as the risk of mortality from 

congenital musculoskeletal anomalies is greatest shortly after birth and decreases over age. 

 

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Total 

musculoskeletal 

congenital 

anomalies LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.498 (-0.500 

- -0.495) 

0.607 (0.607 - 

0.610) 

Total 

musculoskeletal 

congenital 

anomalies Legality of Abortion 

Country 

covariate Prevalence 

-0.001 (-0.002 

- -0.000) 

0.999 (0.998 - 

1.000) 

Total 

musculoskeletal 

congenital 

anomalies 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.153 (-0.300 

- -0.004) 

0.858 (0.741 - 

0.996) 

Total 

musculoskeletal 

congenital 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.758 (-1.061 

- -0.516) 

0.469 (0.346 - 

0.597) 

Total 

musculoskeletal 

congenital 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

0.457 (0.340 - 

0.499) 

1.580 (1.405 - 

1.647) 

Total 

musculoskeletal 

congenital 

anomalies Literature 

Study-level x-

covariate Prevalence 

-0.066 (-0.221 

- -0.003) 

0.936 (0.802 - 

0.997) 
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Total 

musculoskeletal 

congenital 

anomalies MarketScan 

Study-level x-

covariate Prevalence 

-0.060 (-0.215 

- -0.002) 

0.941 (0.806 - 

0.998) 

Total 

musculoskeletal 

congenital 

anomalies Registry data 

Study-level x-

covariate Prevalence 

-0.121 (-0.432 

- -0.004) 

0.886 (0.650 - 

0.996) 

Total 

musculoskeletal 

congenital 

anomalies 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.248 (0.111 - 

0.298) 

1.281 (1.117 - 

1.348) 

Total 

musculoskeletal 

congenital 

anomalies 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.147 (0.000 - 

0.296) 

1.158 (1.000 - 

1.344) 

 

   Prevalence 

Site-years (total) 274 

Number of countries with data 16 

Number of GBD regions with data (out of 21 regions) 8 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

Limb reduction defects, club feet, and hip dysplasia 

In the DisMod model of limb reduction defects, random effects on prevalence were limited to +- 0.3 in 

order to limit geographic variation in the estimated birth prevalence. The excess mortality rate was set to 

a maximum of 0.5 before 70 years of age in to reflect the relatively low mortality risk of congenital limb 

anomalies, and a decreasing slope prior on excess mortality rate was set for all ages as the risk of 

mortality is highest in the earliest age groups.   

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Limb reduction 

deficits LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.050 (-0.100 

- -0.002) 

0.951 (0.905 - 

0.998) 

Limb reduction 

deficits Legality of Abortion 

Country 

covariate Prevalence 

-0.000 (-0.002 

- -0.000) 

1.000 (0.998 - 

1.000) 

Limb reduction 

deficits 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.147 (-0.291 

- -0.007) 

0.864 (0.748 - 

0.993) 

Limb reduction 

deficits 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.901 (-0.996 

- -0.726) 

0.406 (0.370 - 

0.484) 

Limb reduction 

deficits 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.347 (-0.586 

- -0.129) 

0.707 (0.557 - 

0.879) 

Limb reduction 

deficits 

ICDBSR to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

0.372 (0.016 - 

0.939) 

1.450 (1.016 - 

2.558) 

Limb reduction 

deficits MarketScan 

Study-level x-

covariate Prevalence 

-0.090 (-0.411 

- -0.000) 

0.914 (0.663 - 

1.000) 

Limb reduction 

deficits 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.129 (0.005 - 

0.289) 

1.137 (1.005 - 

1.335) 

Limb reduction 

deficits 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.120 (0.004 - 

0.286) 

1.128 (1.004 - 

1.331) 

Limb reduction 

deficits Under Reported 

Study-level x-

covariate Prevalence 

-0.647 (-0.984 

- -0.123) 

0.523 (0.374 - 

0.884) 

 

   Prevalence 

683



 27 

Site-years (total) 330 

Number of countries with data 24 

Number of GBD regions with data (out of 21 regions) 8 

Number of GBD super-regions with data (out of 7 super-regions) 4 

 

Polydactyly and syndactyly 

The DisMod model of polydactly and syndactyly limited random effects on prevalence to +- 0.5, as we 

expected limited geographic variation in the birth prevalence estimates. Excess mortality was set to 0 for 

all ages. The remission rate was bounded from 0 to 0.02 for the first three months of life, as surgical 

correction of polydactyly or syndactyly rarely occurs in the first few months of life. Remission was 

bounded between 0 and 0.5 for ages 2 to 5 years, the ages during which surgical correction is most likely 

to occur, then set to a maximum of 0.02 after 5 years of age. The smoothness on remission was set to Xi= 

1.5 in order to facilitate steep changes in remission rates during the first few years of life.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Polydactyly and 

syndactyly LDI (I$ per capita) 

Country 

covariate Remission 

1.001 (0.506 - 

1.500) 

2.720 (1.659 - 

4.482) 

Polydactyly and 

syndactyly 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.041 (-0.063 

- -0.018) 

0.960 (0.939 - 

0.982) 

Polydactyly and 

syndactyly 

Crosswalk ICBDSR to 

EUROCAT data 

Study-level x-

covariate Prevalence 

-0.225 (-0.332 

- -0.105) 

0.798 (0.717 - 

0.900) 

Polydactyly and 

syndactyly 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

0.993 (0.978 - 

1.000) 

2.701 (2.660 - 

2.717) 

Polydactyly and 

syndactyly 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

0.185 (-0.086 

- 0.525) 

1.204 (0.917 - 

1.690) 

Polydactyly and 

syndactyly MarketScan 

Study-level x-

covariate Prevalence 

-0.043 (-0.235 

- -0.002) 

0.958 (0.790 - 

0.998) 

Polydactyly and 

syndactyly 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.003 (0.000 - 

0.011) 

1.003 (1.000 - 

1.011) 

Polydactyly and 

syndactyly 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.095 (0.006 - 

0.219) 

1.099 (1.006 - 

1.245) 

Polydactyly and 

syndactyly Under Reported 

Study-level x-

covariate Prevalence 

-0.179 (-0.295 

- -0.051) 

0.836 (0.744 - 

0.950) 

 

 

   Prevalence 

Site-years (total) 1406 

Number of countries with data 52 

Number of GBD regions with data (out of 21 regions) 14 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Other congenital musculoskeletal birth defects 

Other congenital musculoskeletal anomalies are modeled by applying the ratio of other congenital 

digestive anomalies to total congenital digestive anomalies as it is reflected in Marketscan data (a trusted 

data source), to the sum of the sub-causes of congenital musculoskeletal anomalies. The result is 

prevalence of other congenital musculoskeletal anomalies by age/year/sex/location. 
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Urogenital congenital anomalies 

Case definitions and associated health states  

The GBD case definition of urogenital congenital anomalies include anomalies of the genitals and the 

urinary system that are present at birth. While some types of urogenital congenital anomalies encompass 

both the urinary and genital systems, we have assigned each congenital condition as a malformation of 

either the urinary or the genital system and model anomalies of the urinary and genital systems 

separately. Urinary anomalies include congenital malformation of the collecting system, ureter, bladder, 

and kidney, as well as bladder exstrophy and epispadias. The ICD-10 codes included in the category of 

urinary anomalies are Q64.0, Q64.1, Q60-Q61 and Q62-Q63. Genital anomalies include hypospadias, 

ambiguous or indeterminate sex, other congenital abnormalities of the male genitalia, and a variety of 

female genital malformations. ICD-10 codes Q50-Q52, Q54, Q56, and Q55 (excluding Q55.20-Q55.21) are 

included in the case definition of congenital genital anomalies. Undescended testicles are excluded from 

the case definition of genital anomalies, as this is not considered a severe condition. Remission is not 

permitted in the models or either urinary or genital anomalies, as individuals who receive surgical 

corrections of these conditions after birth typically continue to experience health consequences as a 

result of these congenital conditions.  

The total prevalence of congenital urinary anomalies was split into proportions with and without each of 

the following health states: urinary incontinence, impotence, recurrent urinary tract infections and other 

recurring abdominal issues, and atypical genitalia (corresponding to disfigurement, level 1 in the GBD 

Disability Weights Study). Cases of congenital genital anomalies was split into proportions with and 

without primary infertility, impotence, recurrent urinary tract infections and other recurring abdominal 

issues, and atypical genitalia. Estimates were produced for the prevalence of every possible combination 

of those long-term sequela, assuming independence between the outcomes. 

The distribution of these long-term outcomes was derived from a review of available literature on the 

long-term outcomes experienced cohorts of individuals born with a range of congenital urogenital 

anomaliesxxi xxii xxiii xxiv xxv xxvi.  

 

Modelling strategy and model settings 

Congenital urogenital anomalies were modelled as two distinct categories, with distinct model 

specifications: urinary congenital anomalies and genital congenital anomalies. 

Congenital urinary anomalies 

In the DisMod model of congenital urinary anomalies, random effects on random effects on prevalence 

were limited to +- 0.5 and random effects on with-condition mortality were limited to +- 1.0. The 

maximum excess mortality rate was set to 5.0 for the first year of life and 2.0 for ages 1 year to 70 years. 

The excess mortality rate set to 0 for ages 70+ years, consistent with the GBD Cause of Death models 

which exclude congenital urogenital anomalies as a cause of death after 70 years of age. The smoothness 

on excess mortality rate was set to Xi = 0.6 in order to fit changes in the excess mortality rate during the 

neonatal period. Cause-Specific Mortality Rate (CSMR) was also pulled in from our Cause of Death model 

of congenital urogenital anomalies. As we assume no death due to congenital genital anomalies, this 

model represents deaths associated with exclusively congenital urinary anomalies. 

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Congenital urinary 

anomalies LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.750 (-0.750 

- -0.749) 

0.472 (0.472 - 

0.473) 
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Congenital urinary 

anomalies 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.012 (-0.035 

- -0.001) 

0.988 (0.966 - 

0.999) 

Congenital urinary 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.003 (-0.010 

- -0.000) 

0.997 (0.990 - 

1.000) 

Congenital urinary 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.007 (-0.020 

- -0.001) 

0.993 (0.980 - 

0.999) 

Congenital urinary 

anomalies MarketScan 

Study-level x-

covariate Prevalence 

-0.438 (-0.551 

- -0.315) 

0.646 (0.576 - 

0.730) 

Congenital urinary 

anomalies 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.187 (0.065 - 

0.290) 

1.206 (1.067 - 

1.336) 

Congenital urinary 

anomalies 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.202 (0.029 - 

0.296) 

1.224 (1.029 - 

1.345) 

Congenital urinary 

anomalies Under Reported 

Study-level x-

covariate Prevalence 

-0.015 (-0.059 

- -0.000) 

0.985 (0.943 - 

1.000) 

 

 

   Prevalence 

Site-years (total) 1207 

Number of countries with data 55 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Congenital genital anomalies 

In the DisMod model of congenital genital anomalies, random effects on prevalence were limited to +- 0.5 

in order to limit random geographic variation in the estimates of birth prevalence, and random effects on 

with-condition mortality were limited to +- 1.0. The maximum excess mortality rate was set to 0.5 for all 

ages < 70 years, according to maximum observed excess mortality rates in available literature data on 

congenital genital anomalies. The excess mortality rate set to 0 for ages 70+ years, consistent with the 

GBD Cause of Death models which exclude congenital urogenital anomalies as a cause of death after 70 

years of age.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Congenital genital 

anomalies LDI (I$ per capita) 

Country 

covariate Remission 

0.553 (0.101 - 

1.000) 

1.738 (1.106 - 

2.718) 

Congenital genital 

anomalies 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.015 (-0.036 

- -0.001) 

0.985 (0.965 - 

0.999) 

Congenital genital 

anomalies 

EUROCAT to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.308 (-0.392 

- -0.151) 

0.735 (0.676 - 

0.860) 

Congenital genital 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.043 (-0.220 

- 0.178) 

0.958 (0.803 - 

1.195) 

Congenital genital 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.385 (-0.493 

- -0.218) 

0.680 (0.611 - 

0.804) 

Congenital genital 

anomalies 

ICDBSR to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.389 (-0.473 

- -0.296) 

0.678 (0.623 - 

0.743) 

Congenital genital 

anomalies MarketScan 

Study-level x-

covariate Prevalence 

-0.896 (-0.986 

- -0.801) 

0.408 (0.373 - 

0.449) 

Congenital genital 

anomalies 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.011 (0.001 - 

0.041) 

1.011 (1.001 - 

1.042) 

Congenital genital 

anomalies 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.065 (0.001 - 

0.211) 

1.067 (1.001 - 

1.235) 

Congenital genital 

anomalies Under Reported 

Study-level x-

covariate Prevalence 

-0.068 (-0.175 

- -0.002) 

0.934 (0.840 - 

0.998) 
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Congenital genital 

anomalies Under Reported 

Study-level z-

covariate Prevalence 

0.139 (0.119 - 

0.161) 

1.150 (1.126 - 

1.175) 

 

 

   Prevalence 

Site-years (total) 1543 

Number of countries with data 57 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

  

Congenital anomalies of the digestive system 

Case definitions 

Congenital anomalies of the digestive system include any anomalies of the gastrointestinal tract present 

at birth as the result of abnormal embryonic development. As with the other congenital causes, this 

variety of digestive system abnormalities is split into four sub-cause categories. Congenital diaphragmatic 

hernia, a life-threatening malformation of the diaphragm that allows the abdominal organs to push into 

the chest cavity and obstructs proper formation of the lungs, is modelled separately from all other 

congenital malformations of the digestive system. Congenital diaphragmatic hernia corresponds to ICD-

10 code Q79.0.  

All congenital malformations of the abdominal wall are modelled together as a distinct sub-category. The 

primary diagnoses in this category are gastroschisis, omphalocele, and prune belly syndrome, 

corresponding to ICD-10 codes Q79.3, Q79.2, and Q79.4, respectively. All variations of atresia and/or 

stenosis of the digestive tract are modelled together as the third distinct sub-category of digestive 

congenital anomalies. This includes biliary atresia, esophageal atresia and/or stenosis with and without 

tracheoesophageal fistula, and atresia and stenosis of the small intestine, large intestine, rectum and 

anus. The ICD-10 codes included in the atresia and stenosis sub-cause category are Q42.0; Q42.1; Q42.2; 

Q42.3; Q42.4; Q42.8; Q42.9, Q42.8; Q42.9, Q42.0; Q42.1; Q42.2; Q42.3; Q42.4; Q41 (Q41.0; Q41.1; 

Q41.2; Q41.8; Q41.9; ), Q44.2, Q39.0; Q39.1 and Q39.2. The final category of digestive congenital 

anomalies estimated in the GBD is other congenital malformations and diseases of the digestive system. 

This includes ICD-10 codes Q38 (Q38.0; Q38.3; Q38.4; Q38.6; Q38.7; Q38.8);  Q39(Q39.3; Q39.4; Q39.5; 

Q39.6; Q39.8; Q39.9);  Q40(Q40.0; Q40.1; Q40.2; Q40.3; Q40.8; Q40.9);  Q43(Q43.1; Q43.2; Q43.3; 

Q43.4; Q43.5; Q43.6; Q43.7; Q43.8; Q43.9);  Q44(Q44.0; Q44.1; Q44.3; Q44.4; Q44.5; Q44.6; Q44.7);  

Q45(Q45.0; Q45.1; Q45.2; Q45.3; Q45.8; Q45.9); Q79.1, and Q79.5(Q79.51; Q79.59). Inguinal hernias 

present at birth are excluded from the case definition of gastrointestinal congenital anomalies and are 

modelled separately as part of the estimation of inguinal hernias. 

Most congenital anomalies of the gastrointestinal tract require surgical correction early in life in order to 

ensure infant survival. Following surgical intervention, individuals born with these congenital anomalies 

may experience a range of long-term outcomes as a result of their congenital conditions. Thus, we do not 

permit remission in the models of any congenital digestive anomalies and the health states associated 

with the various types of digestive anomalies reflect the long-term outcomes experienced by individuals 

with surgically corrected congenital malformations.  

 

Health states associated with congenital anomalies of the digestive system 

The health outcomes associated with congenital diaphragmatic hernia include every combination of 

disfigurement, chronic abdominal pain, mild chronic respiratory problems and breathlessness, mild 
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intellectual disability, and a proportion of patients who are asymptomatic. The distribution of these long-

term health outcomes was derived from a pooled analysis of available literature on the long-term 

outcomes in surviving patients born with congenital diaphragmatic herniasxxvii xxviii xxix.  

The health outcomes associated with congenital malformations of the abdominal wall include every 

combination of constipation, chronic abdominal pain, and disfigurement and concern about scars. The 

distribution of these outcomes was calculated from a pooled analysis of literature sources on the long-

term outcomes among surviving individuals born with congenital malformations of the abdominal wallxxx 
xxxi. Similarly, the outcomes associated with congenital atresia and/or stenosis of the abdominal tract 

include every combination of dysphagia, acid reflux, chronic abdominal pain and/or nausea, and chronic 

respiratory problems; the distribution of these long-term outcomes was also derived from available long-

term follow-up studiesxxxii xxxiii.  

The distribution of health outcomes associated with other congenital anomalies of the gastrointestinal 

tract was considered to be the same as the health outcomes associated with atresia and/or stenosis of 

the abdominal tract.  

 

Modelling strategy and model settings  

In order to ensure internal consistency in the estimates of each sub-type of congenital digestive 

anomalies, we generated a model to estimate the total prevalence and associated mortality due to all 

congenital digestive anomalies, then fit the estimates of each sub-type of congenital digestive anomalies 

proportionally to the envelope of this total model. The prevalence estimates of other congenital digestive 

anomalies were derived by reducing the total envelope model for each cause by its sub-causes to derive 

the difference that was attributable to other anomalies in that category. This modelling strategy allowed 

us to utilize the GBD Cause of Death estimates as input to the total congenital digestive anomalies 

estimates and also allowed us to incorporate literature data that reported only the total prevalence of all 

digestive anomalies.  

 

The DisMod model of total congenital digestive anomalies used cause-specific mortality estimates from 

the corresponding GBD Cause of Death model of congenital digestive anomalies, and these data were 

converted to excess mortality estimates where corresponding cause-specific mortality estimates were 

available. The model had random effects on prevalence limited to +- 0.5 and a decreasing slope prior on 

excess mortality rate was set for all ages. The smoothness on excess mortality rate was increased to Xi = 

1.0 in order to fit steep changes in excess mortality rate during the neonatal age period.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Total digestive 

congenital 

anomalies LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.255 (-0.284 

- -0.226) 

0.775 (0.753 - 

0.798) 

Total digestive 

congenital 

anomalies 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.014 (-0.044 

- -0.000) 

0.986 (0.957 - 

1.000) 

Total digestive 

congenital 

anomalies 

EUROCAT to NBDPN 

registry case composition 

adjustment 

Study-level x-

covariate Prevalence 

-0.002 (-0.010 

- -0.000) 

0.998 (0.990 - 

1.000) 

Total digestive 

congenital 

anomalies 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-1.989 (-2.000 

- -1.956) 

0.137 (0.135 - 

0.141) 

Total digestive 

congenital 

anomalies 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

0.492 (0.470 - 

0.500) 

1.635 (1.601 - 

1.649) 
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Total digestive 

congenital 

anomalies MarketScan 

Study-level x-

covariate Prevalence 

-0.603 (-0.719 

- -0.483) 

0.547 (0.487 - 

0.617) 

Total digestive 

congenital 

anomalies Registry data 

Study-level x-

covariate Prevalence 

-0.003 (-0.011 

- -0.000) 

0.997 (0.989 - 

1.000) 

Total digestive 

congenital 

anomalies 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.298 (0.291 - 

0.300) 

1.347 (1.338 - 

1.350) 

Total digestive 

congenital 

anomalies 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.297 (0.287 - 

0.300) 

1.345 (1.333 - 

1.350) 

Total digestive 

congenital 

anomalies Under Reported 

Study-level x-

covariate Prevalence 

-0.502 (-1.000 

- -0.004) 

0.605 (0.368 - 

0.996) 

 

   Prevalence 

Site-years (total) 1143 

Number of countries with data 34 

Number of GBD regions with data (out of 21 regions) 9 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

Congenital diaphragmatic hernia 

In the DisMod model of congenital diaphragmatic hernia, random effects on prevalence were set to +- 0.5 

and random effects on with-condition mortality were set to +- 1.0. The minimum excess mortality for the 

early neonatal age period was set to 2.0. A decreasing slope prior on excess mortality rate was set for all 

ages, as the risk of mortality due to congenital diaphragmatic hernia is highest shortly after birth and 

diminishes over the life course following surgical correction of the condition. Smoothness on excess 

mortality rate was increased to Xi= 1.0 in order to fit steep changes in excess mortality rate during the 

first weeks of life.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Congenital 

diaphragmatic 

hernia LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.623 (-1.000 

- -0.250) 

0.536 (0.368 - 

0.779) 

Congenital 

diaphragmatic 

hernia 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.034 (-0.082 

- -0.002) 

0.966 (0.921 - 

0.998) 

Congenital 

diaphragmatic 

hernia Hospital data 

Study-level x-

covariate Prevalence 

-0.049 (-0.161 

- -0.001) 

0.952 (0.851 - 

0.999) 

Congenital 

diaphragmatic 

hernia 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.257 (0.198 - 

0.297) 

1.293 (1.219 - 

1.346) 

Congenital 

diaphragmatic 

hernia 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.210 (0.042 - 

0.297) 

1.234 (1.043 - 

1.346) 

 

   Prevalence 

Site-years (total) 1774 

Number of countries with data 48 

Number of GBD regions with data (out of 21 regions) 14 

Number of GBD super-regions with data (out of 7 super-regions) 5 
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Congenital malformations of the abdominal wall 

The DisMod model of congenital malformations of the abdominal wall had random effects on prevalence 

limited to +- 0.5 and random effects on with-condition mortality were limited to +- 1.0. The minimum 

excess mortality rate was set to 3.0 in the early neonatal period according to the range of excess 

mortality estimates observed in literature data. A decreasing slope prior on excess mortality rate was set 

for all ages, and the smoothness on excess mortality rate was set to Xi = 0.8, allowing the model to fit a 

steep decrease in the excess mortality rate after the neonatal age period. 

Cause Covariate name Type Measure Beta value Exponentiated 

value 

Congenital 

malformations of 

the abdominal 

wall LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.425 (-0.750 

- -0.102) 

0.654 (0.472 - 

0.903) 

Congenital 

malformations of 

the abdominal 

wall 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.012 (-0.038 

- -0.000) 

0.988 (0.963 - 

1.000) 

Congenital 

malformations of 

the abdominal 

wall 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-2.726 (-2.967 

- -2.453) 

0.065 (0.051 - 

0.086) 

Congenital 

malformations of 

the abdominal 

wall 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.012 (-0.045 

- -0.001) 

0.988 (0.956 - 

0.999) 

Congenital 

malformations of 

the abdominal 

wall 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.007 (0.000 - 

0.025) 

1.007 (1.000 - 

1.025) 

Congenital 

malformations of 

the abdominal 

wall 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.069 (0.002 - 

0.181) 

1.071 (1.002 - 

1.199) 

Congenital 

malformations of 

the abdominal 

wall Under Reported 

Study-level x-

covariate Prevalence 

-0.346 (-0.412 

- -0.287) 

0.708 (0.662 - 

0.751) 

 

   Prevalence 

Site-years (total) 1543 

Number of countries with data 57 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Congenital atresia and/or stenosis of the digestive tract 

In the DisMod model of congenital atresia and/or stenosis of the digestive tract, random effects on 

prevalence were set to +- 0.5 and random effects on with-condition mortality were set to +- 1.0. A 

decreasing slope prior on excess mortality rate was set for all ages, as the risk of mortality due to these 

congenital digestive anomalies highest shortly after birth. The smoothness on excess mortality rate was 

increased to Xi = 1.0 in order to fit steep changes in excess mortality rate during the first weeks of life.  

Cause Covariate name Type Measure Beta value Exponentiated 

value 
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Congenital atresia 

and/or stenosis of 

the digestive tract 

Healthcare access and 

quality index 

Country 

covariate 

Excess mortality 

rate 

-0.249 (-0.499 

- 0.000) 

0.780 (0.607 - 

1.000) 

Congenital atresia 

and/or stenosis of 

the digestive tract LDI (I$ per capita) 

Country 

covariate 

Excess mortality 

rate 

-0.050 (-0.100 

- 0.000) 

0.952 (0.905 - 

1.000) 

Congenital atresia 

and/or stenosis of 

the digestive tract 

Chromosomal diagnoses 

excluded 

Study-level x-

covariate Prevalence 

-0.067 (-0.102 

- -0.039) 

0.935 (0.903 - 

0.962) 

Congenital atresia 

and/or stenosis of 

the digestive tract 

Hospital data for ages 

over 1 year only 

Study-level x-

covariate Prevalence 

-0.040 (-0.140 

- -0.000) 

0.961 (0.870 - 

1.000) 

Congenital atresia 

and/or stenosis of 

the digestive tract 

Hospital data for the 

under-1 year age group 

Study-level x-

covariate Prevalence 

-0.008 (-0.030 

- -0.000) 

0.992 (0.971 - 

1.000) 

Congenital atresia 

and/or stenosis of 

the digestive tract MarketScan 

Study-level x-

covariate Prevalence 

-0.001 (-0.003 

- -0.000) 

0.999 (0.997 - 

1.000) 

Congenital atresia 

and/or stenosis of 

the digestive tract 

Stillbirths included as 

cases 

Study-level x-

covariate Prevalence 

0.002 (0.000 - 

0.004) 

1.002 (1.000 - 

1.004) 

Congenital atresia 

and/or stenosis of 

the digestive tract 

Terminations of 

pregnancy included as 

cases 

Study-level x-

covariate Prevalence 

0.036 (0.001 - 

0.117) 

1.036 (1.001 - 

1.124) 

Congenital atresia 

and/or stenosis of 

the digestive tract Under Reported 

Study-level x-

covariate Prevalence 

-0.366 (-0.494 

- -0.061) 

0.694 (0.610 - 

0.941) 

 

   Prevalence 

Site-years (total) 1749 

Number of countries with data 57 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Other congenital digestive anomalies 

Other congenital digestive anomalies are calculated by summing all of the sub-causes of congenital 

digestive anomalies and subtracting this sum from the total congenital digestive model (by 

age/sex/year/location). This residual is the prevalence of other congenital digestive anomalies. If this 

residual is less than 10% of the total congenital digestive anomalies model, the other sub-causes are 

squeezed down and other congenital digestive anomalies becomes 10% of the total congenital digestive 

anomalies model. 

Other congenital anomalies 

In addition, of the specific types of congenital anomalies outlined in the preceding pages, there are a 

number of other types of defects that may be present at birth. These other congenital defects include 

anomalies of the ears, eyes, face and neck, respiratory malformation and diseases, skin disorders, 

phakomatoses and other neurological disorders that are not included in the case definition of neural tube 

defects. Estimates of the YLDs attributable to these other congenital anomalies are derived from a 

YLL:YLD ratio using YLLs from the cause of death (COD) estimates for other congenital anomalies.  
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Case definition 

Urinary tract infection (UTI) is defined as a kidney infection that can lead to systemic symptoms such as 

fever and weakness and can cause discomfort and difficulty with daily activities.1 ICD codes include N10, 

N10.0, N10.9, N11, N11.0, N11.1, N11.8, N11.9, N12, N12.0, and N12.9. 

Input data 

 Model inputs 

The UTI model is informed by survey data, claims data, and global hospital inpatient data. For GBD 2016, 

a systematic review of the prevalence of UTI throughout the world was conducted using the following 

search terms: (((Interstitial Nephritis[Title/Abstract]) OR (Urinary Tract Infection[Title/Abstract]))AND 

(Inciden*[Title/Abstract])) AND ("2013/01/01"[Date - Publication] : "3000"[Date - Publication]) NOT 

(animals[MeSH] NOT humans[MeSH]). 

 The exclusion criteria were: 

1. Studies clearly not representative of the national population 

2. Studies that did not provide primary data on epidemiological parameters, eg, a 

commentary piece 

3. Studies of a specific type of interstitial nephritis  
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The table below shows the number of countries and GBD world regions represented. 

  Incidence 

Site-years (total) 1412 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

  

Claims data for the USA, Philippines, Taiwan, and New Zealand were included. Hospital inpatient data was 

also included. Inpatient data points with an age-standardised incidence rate greater than two median 

absolute deviations from the median of the mean age-standardised incidence rate for all inpatient data 

were marked as outliers and excluded from analysis.  

Severity splits & disability weights 

The basis of the GBD disability weight survey assessments is lay descriptions of sequelae highlighting 

major functional consequences and symptoms. UTI is split into mild and moderate severity. Mild severity 

is associated with a disability weight that correlates with low fever and mild discomfort, but no difficulty 

with daily activities. Moderate discomfort is associated with a disability weight that correlates with 

systemic symptoms of fever, aches, weakness, and some difficulty with daily activities. The lay 

descriptions and disability weights for UTI are shown below. 

Severity level Lay description DW (95% CI) 

Urinary tract infection, mild Has a low fever and mild 

discomfort, but no difficulty with 

daily activities. 

0.006 

(0.002, 0.012) 

Urinary tract infection, 

moderate 

Has a fever and aches, and feels 

weak, which causes some 

difficulty with daily activities. 

0.051 

(0.032, 0.074) 

 

The severity distribution of UTI was derived from analysis of the Medical Expenditure Panel Surveys 

(MEPS). MEPS is an overlapping panel survey of the non-institutionalised USA population that collects 

data on respﾗﾐSWﾐデゲげ ｴW;ﾉデｴ ゲWヴ┗ｷIW ｷﾐデWヴ;Iデｷﾗﾐゲく P;ﾐWﾉゲ ;ヴW ｷﾐｷデｷ;デWS W┗Wヴ┞ ┞W;ヴく E;Iｴ ヮ;ﾐWﾉ ｷゲ デ┘ﾗ ┞W;ヴゲ 
long and consists of five rounds. In 2000, MEPS began using 12-Item Short Form Surveys (SF-12) to collect 

data on functional health status. The SF-12 survey is administered twice per panel (about once per year).   

In order to translate SF-12 scores into GBD disability weights, 62 lay descriptions for conditions 

representing the full range of disability weight values (from most mild to most severe) were selected. A 

convenience sample of respondents was then asked to complete an SF-12 form for an individual with the 

health state described in the lay descriptions of these conditions. Composite mental and physical SF-12 

score was regressed on GBD disability weight to derive the relationship between disability weight and SF-

12 score. Individual respondent scores were then regressed on reported conditions to obtain a 

comorbidity-corrected condition-specific disability weight. The distribution of these condition-specific 

weights was used to derive the proportion of individuals with the conditions that fall within each GBD 

severity category.  
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Severity Distribution  

Mild UTI 0.362 (0.258, 0.478) 

Moderate UTI  0.638 (0.522, 0.742) 

 

Modelling strategy 

We ran a DisMod MR-2.1 model to produce estimates by age, sex, year, and location. Prior settings in the 

IN DisMod 2.1 model included remission after one week between ages 0 and 100. We used the function 

in DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our CODEm and CODcorrect 

analyses and match them with incidence data points for the same geography and study year to estimate 

priors on excess mortality rates (by dividing CSMR by incidence). 

We applied a crosswalk to USA claims data from the year 2000 to USA claims data for 2010に2014 in order 

to adjust for the smaller sample included in the 2000 data. Inpatient data were corrected for multiple 

admissions and multiple diagnoses based on claims data. Inpatient data were also adjusted to be 

comparable to claims data (inpatient and outpatient visits) using a correction factor derived from claims 

datasets.  

We included the covariate Lagged Distributed Income (LDI) as a country-level covariate to inform excess 

mortality, with bounds of -0.5, -0.1. We used this covariate based on the assumption of a higher 

likelihood of mortality based on the developmental status of a country. 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

Claims data  俄  2000 Incidence -0.0026 ( -0.0099 to -0.000092) 1.00 (0.99に1.00) 

 

Compared to GBD 2016, major changes include inpatient data from a greater number of geographies.  
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Acute Urolithiasis 
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Case definition 

Acute urolithiasis (AU) is an acute and usually symptomatic episode of urolithiasis, defined as stone 

formation located anywhere along the genitourinary tract.1 Associated ICD codes include N20, N20.0, 

N20.1, N20.2, N20.9, N21, N21.1, N21.8, N21.9, N22, N22.0, N22.8, N23, and N23.0. 

Input data 

 Model inputs 

For GBD 2010, a systematic review of the prevalence of AU throughout the world was conducted. This 

search was updated for GBD 2013 and again for GBD 2016. A PubMed search was conducted using the 

following search terms: (Urolithiasis[Title/Abstract] OR Kidney Stones[Title/Abstract]) AND 

(Prevalence[Title/Abstract] OR Incidence[Title/Abstract]) AND ("2013/01/01"[PDAT] : "3000"[PDAT]) AND 

"humans"[MeSH Terms]. 

 The exclusion criteria were: 

1. Studies clearly not representative of the national population 

2. Studies that did not provide primary data on epidemiological parameters, eg, a 

commentary piece 

3. Studies of a specific type of urolithiasis 
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Four new studies were added based on this systematic review. The table below shows the geographical 

coverage of urolithiasis data by measure in GBD 2017.  

  Incidence Prevalence 

Site-years (total) 1420 5 

Number of countries with data 45 4 

Number of GBD regions with data (out of 21 regions) 16 4 

Number of GBD super-regions with data (out of 7 super-regions) 7 3 

 

Claims data for the USA, Philippines, Taiwan, and New Zealand were included. Hospital inpatient data 

were also included. Inpatient data points with an age-standardised incidence rate greater than two 

median absolute deviations from the median of the age-standardised incidence rate for all inpatient data 

were marked as outliers and excluded from analysis.  

Severity splits & disability weights 

The basis of the GBD disability weight survey assessments is lay descriptions of sequelae highlighting 

major functional consequences and symptoms. Urolithiasis is split into mild, moderate, and severe 

categories. The lay descriptions and disability weights for urolithiasis are shown below. 

Severity level  Lay description DW (95% CI) 

Mild acute urolithiasis Has some pain in the belly that causes nausea but 

does not interfere with daily activities. 

0.011 (0.005, 

0.021) 

Moderate acute 

urolithiasis 

Has pain in the belly and feels nauseous. The person 

has difficulties with daily activities. 

0.114 (0.078, 

0.159) 

Severe acute urolithiasis Has severe pain in the belly and feels nauseous. The 

person is anxious and unable to carry out daily 

activities. 

0.324 (0.220, 

0.442) 

 

The severity distribution of urolithiasis was derived from analysis of the Medical Expenditure Panel 

Surveys (MEPS). MEPS is an overlapping panel survey of the non-institutionalised USA population that 

IﾗﾉﾉWIデゲ S;デ; ﾗﾐ ヴWゲヮﾗﾐSWﾐデゲげ ｴW;ﾉデｴ ゲWヴ┗ｷIW ｷﾐデWヴ;Iデｷﾗﾐゲく P;ﾐWﾉゲ ;ヴW ｷﾐｷデｷ;デWS W┗Wヴ┞ ┞W;ヴく E;Iｴ ヮ;ﾐWﾉ ｷゲ 
two years long and consists of five rounds. In 2000, MEPS began using 12-Item Short Form Surveys (SF-

12) to collect data on functional health status. The SF-12 survey is administered twice per panel (about 

once per year).   

In order to translate SF-12 scores into GBD disability weights, 62 lay descriptions for conditions 

representing the full range of disability weight values (from most mild to most severe) were selected. A 

convenience sample of respondents was then asked to complete an SF-12 form for an individual with the 

health state described in the lay descriptions of these conditions. Composite mental and physical SF-12 

score was regressed on GBD disability weight to derive the relationship between disability weight and SF-

12 score. Individual respondent scores were then regressed on reported conditions to obtain a 

comorbidity-corrected condition-specific disability weight. The distribution of these condition-specific 

weights was used to derive the proportion of individuals with the conditions that fall within each GBD 

severity category.  
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Severity Distribution  

Mild acute urolithiasis 0.642 (0.536, 0.734) 

Moderate acute urolithiasis 0.217 (0.149, 0.296) 

Severe acute urolithiasis 0.141 (0.108, 0.178) 

 

Modelling strategy 

For GBD 2017, we modelled AU using DisMod MR 2.1, a Bayesian meta-regression modelling program. 

Prior settings in the DisMod model included setting remission of two weeks. We applied a crosswalk to all 

USA claims data and hospital inpatient data to adjust to 2012 USA claims data. We used the function in 

DisMod-MR 2.1 to pull in cause-specific mortality rate (CSMR) data from our CODEm and CODcorrect 

analyses and match them with incidence data points for the same geography and study year to estimate 

priors on excess mortality rates (by dividing CSMR by incidence). We set bounds on location random 

effects for incidence due to sparse data.  

We applied a crosswalk to USA claims data from the year 2000 to USA claims data for 2010に2014 in order 

to adjust for the smaller sample included in the 2000 data. Inpatient data were adjusted to account for 

multiple admissions and multiple diagnoses, based on data from New Zealand, MarketScan, the 

Philippines, and Taiwan. Inpatient data were crosswalked to claims data in DisMod.  

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

Claims data に 2000 Incidence -0.59 (-0.61 to -0.57) 0.55 (0.54に0.57) 

Hospital, inpatient Incidence -2.3 (-2.6 to -2.22) 0.10 (0.074に0.11) 

 

Compared to GBD 2016, major changes include inclusion of inpatient data from a greater number of 

geographies.   
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Benign Prostatic Hypertrophy (BPH) 
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Case definition 

Benign prostatic hypertrophy (BPH) is defined as a benign proliferation of prostatic tissue, often leading 

to symptoms such as urinary retention, bladder outlet obstruction, or urinary tract infection.1,2 The ICD 

codes for BPH include N40, N40.0, N40.1, N40.2, N40.3, and N40.9.   

Input data 

 Model inputs 

The BPH model is informed by claims data from the USA, Philippines, Taiwan, and New Zealand as well as 

hospital inpatient data from around the globe. Inpatient data points with an age-standardised mean 

prevalence greater than two median absolute deviations from the median of the age-standardised mean 

prevalence for all inpatient data were marked as outliers and excluded from analysis.  

  Prevalence 

Site-years (total) 1409 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Severity splits 

The basis of the GBD disability weight survey assessments are lay descriptions of sequelae highlighting 

major functional consequences and symptoms of a given cause. BPH is split into symptomatic and 

asymptomatic types. There is no disability weight (DW) assigned to asymptomatic cases of BPH. The DW 

associated with symptomatic BPH regards urinary frequency that is sometimes associated with pain に as 

seen in the table below, which offers further information. 

Severity level Lay description DW (95% CI) 

Asymptomatic N/A 0 

Symptomatic Feels the urge to urinate frequently, but when 

passing urine it comes out slowly and 

sometimes is painful. 

0.067 

(0.043に0.097) 

 

The proportions symptomatic and asymptomatic were derived from analysis of the Medical Expenditure 

Panel Surveys (MEPS). MEPS is an overlapping panel survey of the non-institutionalised USA population 

デｴ;デ IﾗﾉﾉWIデゲ S;デ; ﾗﾐ ヴWゲヮﾗﾐSWﾐデゲげ ｴW;ﾉデｴ ゲWヴ┗ｷIW ｷﾐデWヴ;Iデｷﾗﾐゲく P;ﾐWﾉゲ ;ヴW ｷﾐｷデｷ;デWS W┗Wヴ┞ ┞W;ヴく E;Iｴ ヮ;ﾐWﾉ 
is two years long and consists of five rounds. In 2000, MEPS began using 12-Item Short Form Surveys (SF-

12) to collect data on functional health status. The SF-12 survey is administered twice per panel (about 

once per year).   

In order to translate SF-12 scores into GBD disability weights, 62 lay descriptions for conditions 

representing the full range of disability weight values (from most mild to most severe) were selected. A 

convenience sample of respondents was then asked to complete an SF-12 form for an individual with the 

health state described in the lay descriptions of these conditions. Composite mental and physical SF-12 

score was regressed on GBD disability weight to derive the relationship between disability weight and SF-

12 score. Individual respondent scores were then regressed on reported conditions to obtain a 

comorbidity-corrected condition-specific disability weight. The distribution of these condition-specific 

weights was used to derive the proportion of individuals with the conditions that fall within each GBD 

severity category.  

Severity Distribution  

Asymptomatic BPH 0.472 (0.459に0.487) 

Symptomatic BPH 0.528 (0.513に0.541) 

 

Modelling strategy 

We ran a DisMod 2.1 model to produce estimates by age, sex, year, and location. Prior settings in the BPH 

DisMod 2.1 model include setting incidence and remission prior to age 40 years to 0. We set an upper 

bound on remission after age 40 to 0.1, corresponding to a maximum duration of 10 years. We also 

determined that there was no excess mortality related to BPH. 

We applied a crosswalk to USA claims data from the year 2000 to USA claims data for 2010に2014 in order 

to adjust for the smaller sample included in the 2000 data. Inpatient data were adjusted to account for 

multiple admissions and multiple diagnoses, based on claims data, and an age-specific crosswalk was 

applied to adjust inpatient hospital data to USA claims data. This crosswalk was applied by comparing the 

ratio of prevalence indicated by USA claims data to that indicated by USA inpatient data and applying 
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these age-specific adjustment factors to global inpatient hospital data. Adjustment factors and their 

associated standard errors are presented in the table below.  

Age start Age end Adjustment 

factor 

Standard 

error 

40 44 73.83 0.23 

45 49 45.02 0.10 

50 54 35.00 0.06 

55 59 22.89 0.03 

60 64 17.06 0.02 

65 69 10.15 0.01 

70 74 9.34 0.01 

75 79 7.56 0.01 

80 84 5.39 0.01 

85 89 4.04 0.01 

90 94 3.74 0.02 

95 99 2.52 0.03 

 

Betas and exponentiated values (which can be interpreted as an odds ratio) are shown in the table below: 

Study covariate Parameter beta Exponentiated beta 

Claims data に 2000 Prevalence -0.0023 ( -0.0082 to -0.00013) 1.00 (0.99に1.00) 

Mean BMI Prevalence -0.015 ( -0.023 to -0.098) 1.02 (0.98に1.10) 

 

Compared to GBD 2016, the primary change is inclusion of inpatient data from a greater number of 

geographies.  
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Other urinary diseases 
In addition to the urinary diseases described above, there are many diverse types of urinary diseases, 

with a range of severities and associated sequelae. Because these urinary diseases are diverse in their 

underlying causes and risk factors as well as in their associated health outcomes, modelling them 

together in a DisMod-MR model would not produce reliable estimates of prevalence or excess mortality. 

Instead, we calculated the YLDs caused by other congenital disorders directly using a YLD/YLL ratio.  

We calculated the ratio of YLDs to YLLs across the specified urinary diseases for which non-fatal outcomes 

were modelled, using YLL estimates from the GBD 2017 cause of death (CoD) analysis. We then multiplied 

this YLD/YLL ratio by the YLL estimates for other urinary diseases from the GBD 2017 CoD analysis, 

providing us with an estimate of the YLDs associated with other urinary diseases.  
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Gynaecologic conditionsぎ ┌デWヴｷﾐW aｷHヴﾗｷSゲが ヮﾗﾉ┞I┞ゲデｷI ﾗ┗;ヴｷ;ﾐ 
ゲ┞ﾐSヴﾗﾏWが WﾐSﾗﾏWデヴｷﾗゲｷゲが ｪWﾐｷデ;ﾉ ヮヴﾗﾉ;ヮゲWが ヮヴWﾏWﾐゲデヴ┌;ﾉ SｷゲﾗヴSWヴが 
;ﾐS ﾗデｴWヴ ｪ┞ﾐ;WIﾗﾉﾗｪｷI IﾗﾐSｷデｷﾗﾐゲ ふﾏWﾐゲデヴ┌;ﾉ ;ﾐS ﾐﾗﾐどﾏWﾐゲデヴ┌;ﾉ 
SｷゲﾗヴSWヴゲぶ 
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Case definition 

Uterine fibroids, also called uterine myomas or leiomyomas, are non-cancerous, compact tumors that 

occur in the uterus. Fibroids can be diagnosed in a number of ways, including pelvic exam, ultrasound, 

and hysterectomy. Our reference definition is diagnosis by pelvic exam or ultrasound because it is the 

most common. However, we incorporate studies that include diagnosis by self-report, pelvic exam only, 

ultrasound only, hysterectomy only, and all combinations of the three.  

Input data 

For GBD 2010, a systematic review of uterine fibroids throughout the world was conducted. Ovid 

MEDLINE, EMBASE, CINAHL, CAB abstracts, WHOLIS, and ISGLE database were searched. The agreed-

upon approach for uterine fibroids was to conduct a PubMed literature search every three years. A 

PubMed search was conducted as part of the initial review in 2010 and is planned for update during the 

next GBD cycle. The Pubmed search string was as follows:  

("Leiomyoma"[Mesh] OR fibroid OR fibroids OR leiomyoma OR leiomyomas OR leimyoma OR 

leimyomas OR leyomyoma OR leyomyomas OR fibromyoma OR fibromyomas OR fibroma OR 

fibromas OR myoma OR myomas) AND ("Genitalia, Female"[Mesh] OR "Gynecology"[Mesh] OR 

"Uterus"[Mesh] OR genital OR genitals OR genitalia OR gynecology OR gynaecology OR 

gynecologic OR gynecological OR gynaecologic OR gynaecological OR uterine OR uterus OR 

hysterectomy) AND ("Prevalence"[Mesh] OR prevalence OR prevalences) 
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The EMBASE search string was: 

('uterus myoma'/exp OR fibroid OR fibroids OR leiomyoma OR leiomyomas OR leimyoma OR 

leimyomas OR leyomyoma OR leyomyomas OR fibromyoma OR fibromyomas OR fibroma OR 

fibromas OR myoma OR myomas) AND ('uterus'/exp OR 'gynecology'/exp OR 'female genital 

system'/exp OR genital OR genitals OR genitalia OR gynecology OR gynaecology OR gynecologic 

OR gynecological OR gynaecologic OR gynaecological OR uterine OR uterus OR hysterectomy) 

AND (prevalence/exp OR prevalence OR prevalences) 

 

Exclusion criteria for the initial systematic review were: 

1. Studies that did not provide primary data on epidemiological parameters (eg, commentary) 

2. Reviews 

3. Clearly non-representative studies (eg, only high-risk pregnant women) 

Diagnosis by either ultrasound or pelvic exam was set as the reference category. In addition to literature, 

claims data from the USA (MarketScan), Philippines, and Taiwan were included, along with hospital 

administrative data that were corrected using a scalar that adjusts for inpatient and outpatient care, 

converting from inpatient primary admissions to inpatient all diagnoses of individuals based on 

MarketScan data. The amount of data included in our model increased significantly with GBD 2016 due to 

the addition of clinical administrative data. The table below shows the dataset contents included in GBD 

2017, as well as the number of countries or subnational units and GBD world regions represented.   

  Incidence Prevalence 

Site-years (total) 15 1292 

Number of countries with data 1 42 

Number of GBD regions with data (out of 21 regions) 1 14 

Number of GBD super-regions with data (out of 7 super-regions) 1 6 

Modelling strategy 

We modelled fibroids in DisMod-MR 2.1 to capture the prevalence and incidence of uterine fibroids. 

There was one important change from prior GBD estimates. This was because, with changes to the 

hospital and claims administrative data-processing algorithms in GBD 2017, most notably the addition of 

; ヴWケ┌ｷヴWﾏWﾐデ デｴ;デ デ┘ﾗ ﾗ┌デヮ;デｷWﾐデ ┗ｷゲｷデゲ IﾗSWS デﾗ ; I;┌ゲW ;ヴW ヴWケ┌ｷヴWS aﾗヴ ; ヮWヴゲﾗﾐ デﾗ Iﾗ┌ﾐデ ;ゲ さ; I;ゲWざ 
of a given disease, the inpatient-to-outpatient corrected administrative data became much more variable. 

This is hypothesised to be due to differences in care-seeking and health-care provision patterns for 

women with fibroids, including differences between countries in whether women who have procedures 

for fibroids are categorised as inpatients or outpatients. We therefore used only inpatient hospital and 

claims data, estimated only symptomatic cases, and then applied an asymptomatic proportion (as 

described below) to calculate total fibroids cases.  

As in previous GBD iterations, incidence was set to zero prior to 15 years of age and after 49. We assume 

no excess mortality from uterine fibroids. Study-level covariates for diagnosis by hysterectomy only and 

self-report were included. No country-level covariates were included in this model given the lack of 

established population-level risk factors. The table below contains the covariates used in this model and 

their corresponding coefficients:  
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Covariate name Type Measure Beta value Exponentiated value 

Hospital inpatient Study covariate Prevalence 
-0.406 

(-1.102 to 0.421) 

0.666 

(0.332に1.523) 

Hysterectomy only Study covariate Prevalence 
-1.415 

(-1.593 to -1.252) 

0.243 

(0.203に0.286) 

MarketScan Study covariate Prevalence 
-0.926 

(-1.058 to -0.750) 

0.396 

(0.347に0.472) 

 

Severity splits and disability weights 

The DisMod-MR 2.1 estimates only include those cases that were symptomatic enough to warrant 

medical care. Symptomatic cases were therefore combined with the asymptomatic proportion of fibroids 

to calculate total cases.1 Symptomatic cases were all assumed to have abdominal discomfort, and a 

subset of all cases also have anaemia due to fibroids. Anaemia causal attribution approaches combined 

prevalence of fibroids and the quantitative effect of fibroids on haemoglobin concentration (described in 

detail in anaemia supplementary methods appendix). It should be noted that anaemia alone is not 

ascribed to fibroids, but only in conjunction with mild abdominal pain with the assumption that more 

severe, symptomatic cases would be more likely to cause anaemia. Disability weights for each sequela are 

listed below for reference.   

Severity  Lay description DW (95% CI) 

Abdominopelvic 

problem, mild 

has some pain in the belly that causes nausea but does not 

interfere with daily activities. 

0.011 

(0.005に0.021) 

Anemia, mild 
feels slightly tired and weak at times, but this does not interfere 

with normal daily activities. 

0.004 

(0.001に0.008) 

Anemia, moderate 
feels moderate fatigue, weakness, and shortness of breath after 

exercise, making daily activities more difficult. 

0.052 

(0.034に0.076) 

Anemia, severe 
feels very weak, tired and short of breath, and has problems with 

activities that require physical effort or deep concentration. 

0.149 

(0.101に0.21) 
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Case definition 

Polycystic ovarian syndrome (PCOS) is a gynaecological IﾗﾐSｷデｷﾗﾐ デｴ;デ ;aaWIデゲ ┘ﾗﾏWﾐげゲ ﾗ┗;ヴｷWゲ ;ﾐS I;ﾐ 
lead to a variety of symptoms. Women with PCOS often have enlarged ovaries that contain pockets of 

fluid, and symptoms include infrequent menstruation, excess hair growth, acne, and obesity.  

 

Input data 

For GBD 2010, a systematic review of PCOS throughout the world was conducted. Ovid MEDLINE, 

EMBASE, CINAHL, CAB abstracts, WHOLIS, and ISGLE database were searched. The agreed-upon approach 

for PCOS was to conduct a PubMed literature search every three years. A PubMed search was conducted 

as part of the initial review in 2010 and is planned for update during the next GBD cycle. The Pubmed 

search string was as follows: 

ふさPﾗﾉ┞I┞ゲデｷI O┗;ヴ┞ “┞ﾐSヴﾗﾏWざぷMWゲｴへ O‘ さPolycystic Ovary Syndromeざ OR さSclerocystic Ovary 

Syndromeざ OR さSclerocystic Ovarian Degenerationざ OR さStein-Leventhal Syndromeざ OR さStein 

Leventhal Syndromeざ OR さSclerocystic Ovariesざ OR さSclerocystic Ovaryざぶ AND ふさIﾐIｷSWﾐIWざぷMWゲｴへ 
O‘ IﾐIｷSWﾐIW O‘ IﾐIｷSWﾐIWゲ O‘ さPヴW┗;ﾉWﾐIWざぷMWゲｴへ O‘ PヴW┗;ﾉWﾐIW O‘ Prevalences) 

The EMBASE search string was as follows:  

ふけﾗ┗;ヴ┞ ヮﾗﾉ┞I┞ゲデｷI SｷゲW;ゲWげっW┝ヮ O‘ さcystic ovaryざ OR さmicropolycystic ovaryざ OR さmultiple follicle 

cystざ OR さovary polycystic syndromeざ OR さovary, micropolycysticざ OR さovary, polycysticざ OR 

さpolycystic ovarian diseaseざ OR さpolycystic ovaryざ OR さpolycystic ovary diseaseざ OR さpolycystic 

ovary syndromeざぶ AND ふけｷﾐIｷSWﾐIWげっW┝ヮ O‘ incidence OR incidences OR 'prevalence'/exp OR 

prevalence OR prevalences) 

Exclusion criteria for the initial systematic review were: 

1. Studies that did not provide primary data on epidemiological parameters (eg, commentary) 
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2. Reviews 

3. Clearly non-representative studies (eg, only high-risk pregnant women) 

We use as our reference definition the NIH/NICHD criteria, for which three signs must be present: clinical 

or biochemical evidence of hyperandrogenism, oligomenorrhoea, and the exclusion of other disorders. In 

addition to literature, claims data from the USA (MarketScan), Philippines, and Taiwan were included, 

along with hospital administrative data that were corrected using a scalar that adjusts for inpatient and 

outpatient care, converting from inpatient primary admissions to inpatient and outpatient all diagnoses 

for individuals based on MarketScan data. The amount of data included in our model increased 

significantly with GBD 2016 due to the addition of clinical administrative data. The table below shows the 

dataset contents included in GBD 2017, as well as the number of countries or subnational units and GBD 

world regions represented.  

 Prevalence 

Site-years (total) 367 

Number of countries with data 23 

Number of GBD regions with data (out of 21 regions) 12 

Number of GBD super-regions with data (out of 7 super-regions) 6 

Modelling strategy 

We modelled PCOS using DisMod-MR 2.1. Incidence was set to zero prior to 10 years of age and after 55 

years of age to reflect that women are only susceptible between menarche and menopause. Remission 

until age 45 was bounded to have a maximum value of 1 per 10,000 person-years and was set to have a 

maximum duration of 2-13 months after age 55 (remission rate range = 0.9-5). Excess mortality rate 

among prevalent cases was bounded to have a maximum value of 3 per 10,000 person-years.  

Case definitions for PCOS vary according to types of symptoms and duration of symptomology required 

for diagnosis. Study covariates were used to crosswalk alternate definitions to the reference definitions. 

Acceptable alternate definitions included the Rotterdam definition, Androgen Excess Society (AES) 

definition, and self-report. Cause-specific mortality rate (CSMR) from the GBD 2017 cause-specific 

mortality analysis was used in the model, with Healthcare Access and Quality (HAQ) index as a country 

covariate on the excess mortality parameter. The table below shows the coefficients for the study- and 

country-level covariates used in the PCOS model.  

Covariate name Type Measure Beta value 
Exponentiated 

value 

Healthcare Access and Quality index 
Country 

covariate 

Excess 

mortality rate 

-0.005 

(-0.018 to 0.000) 

0.995 

(0.982に1.000) 

Androgen Excess Society definition Study covariate Prevalence 
0.548 

(0.102に0.973) 

1.730 

(1.107に2.645) 

Hospital inpatient Study covariate Prevalence 
-0.292 

(-0.414 to -0.142) 

0.747 

(0.661に0.868) 

MarketScan Study covariate Prevalence 
-1.546 

(-1.598 to -1.430) 

0.213 

(0.202に0.239) 

Rotterdam definition Study covariate Prevalence 
0.339 

(0.221に0.398) 

1.404 

(1.247に1.489) 

Self-reported Study covariate Prevalence 
0.536 

(0.082に0.983) 

1.710 

(1.085に2.672) 
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Severity splits 

The basis of the GBD disability weight (DW) survey assessment are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. Unfortunately, no health states specific to 

PCOS were included in the GBD disability weights survey. The main sequelae of PCOS are infertility and 

hyperandrogenism/hirsutism, the latter of which was approximated with the health state of 

さSｷゲaｷｪ┌ヴWﾏWﾐデが ﾉW┗Wﾉ ヱくざ  In the NIH definition, which we designated as the reference case definition, all 

cases of endometriosis have hyperandrogenism and hirsutism, and therefore we assumed that 100% of 

all PCOS cases would experience this sequela.  

Severity  Lay description DW (95% CI) 

Disfigurement, level 1 
has a slight, visible physical deformity that others notice, which 

causes some worry and discomfort. 

0.011 

(0.005に0.021) 

Infertility, primary 
wants to have a child and has a fertile partner, but the couple 

cannot conceive. 

0.008 

(0.003に0.015) 

Infertility, secondary 
has at least one child and wants to have more children. The 

person has a fertile partner, but the couple cannot conceive.  

0.005 

(0.002に0.011) 
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Case definition 

Endometriosis is defined as growth of tissue that usually lies inside the uterus outside of it. Common 

symptoms include chronic pain and infertility. Our reference case definition of endometriosis is diagnosis 

accompanied by pathological confirmation.  

Input data 

For GBD 2010, a systematic review of endometriosis throughout the world was conducted. Ovid 

MEDLINE, EMBASE, CINAHL, CAB abstracts, WHOLIS, and ISGLE database were searched. The agreed-

upon approach for endometriosis was to conduct a PubMed literature search every three years. A 

PubMed search was conducted as part of the initial review in 2010. An updated systematic review is 

planned for the next GBD cycle. The search string for PubMed was as follows: 
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("Endometriosis"[Mesh] OR Endometriosis OR Endometrioses OR Endometrioma OR 

EﾐSﾗﾏWデヴｷﾗﾏ;ゲ O‘ ASWﾐﾗﾏ┞ﾗゲｷゲぶ AND ふさIﾐIｷSWﾐIWざぷMWゲｴへ O‘ IﾐIｷSWﾐIW O‘ IﾐIｷSWﾐIWゲ O‘ 
さPヴW┗;ﾉWﾐIWざぷMWゲｴへ O‘ PヴW┗;ﾉWﾐIW O‘ PヴW┗;ﾉWﾐIWゲぶ 

The search string for EMBASE was as follows:  

ふけWﾐSﾗﾏWデヴｷﾗゲｷゲげっW┝ヮ O‘ WﾐSﾗﾏWデヴｷﾗゲｷゲ O‘ Wﾐdometrioses OR endometrioma OR endometriomas 

O‘ ;SWﾐﾗﾏ┞ﾗゲｷゲぶ AND ふけｷﾐIｷSWﾐIWげっW┝ヮ O‘ ｷﾐIｷSWﾐIW O‘ ｷﾐIｷSWﾐIWゲ O‘ けヮヴW┗;ﾉWﾐIWろっW┝ヮ O‘ 
prevalence OR prevalences) 

Exclusion criteria for the initial systematic review were: 

4. Studies that did not provide primary data on epidemiological parameters (eg, commentary) 

5. Reviews 

6. Clearly non-representative studies (eg, only high-risk pregnant women) 

Diagnosis confirmed via laparoscopy followed by histologic pathology from literature studies was set as 

the reference definition. In addition to literature, claims data from the USA (MarketScan), Philippines, and 

Taiwan were included, along with hospital administrative data that were corrected using a scalar that 

adjusts for inpatient and outpatient care, converting from inpatient primary admissions to inpatient and 

outpatient all diagnoses for individuals based on MarketScan data. The table below shows the dataset 

contents included in GBD 2017, as well as the number of countries or subnational units and GBD world 

regions represented.  

  Incidence Prevalence 

Site-years (total) 32 1164 

Number of countries with data 7 36 

Number of GBD regions with data (out of 21 regions) 2 13 

Number of GBD super-regions with data (out of 7 super-regions) 1 6 

Modelling strategy 

We used DisMod-MR 2.1, a Bayesian meta-regression epidemiological model, to generate estimates for 

endometriosis by age, sex, year, and country. As in previous GBD iterations, incidence was assumed to be 

zero except between the ages of 15 years and 50 years. This is because a woman must enter puberty 

before she can get endometriosis, and the condition remits spontaneously after the onset of menopause. 

Remission was bounded to be a maximum of 0.2 before the age of 50 years and was set to be equal to 0.2 

(1/remission = duration = 5 years). 

In addition to study-level covariate on diagnosis not confirmed by pathology, study-level covariates were 

added for each year of USA claims data as well as inpatient and outpatient administrative hospital data. 

We used the Heathcare Access and Quality (HAQ) index as the lone country-level covariate on excess-

mortality rate to inform the model. The table below list the study-level and country-level covariates used 

in the Endometriosis model and the corresponding betas and exponentiated values.  

Covariate name Type Measure Beta value 
Exponentiated 

value 

Healthcare Access and 

Quality index 
Country covariate 

Excess mortality 

rate 

-0.010 

(-0.020 to 0.000) 

0.990 

(0.980に1.000) 

All MarketScan, year 2000 Study covariate Prevalence 
-0.498 

(-2.000 to 1.000) 

0.608 

(0.135に2.718) 
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Endometriosis not 

confirmed by pathology 
Study covariate Incidence 

-0.534 

(-0.859 to -0.199) 

0.587 

(0.423に0.820) 

Hospital inpatient Study covariate Prevalence 
-1.267 

(-1.532 to -1.002) 

0.282 

(0.216に0.367) 

MarketScan Study covariate Prevalence 
-1.908 

(-1.999 to -1.714) 

0.148 

(0.135に0.180) 

Severity splits & disability weights 

The basis of the GBD disability weight (DW) survey assessment are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. The GBD 2010 systematic literature review 

identified three studies that were combined to inform the severity distribution of those with 

endometriosis. Only one study reported on the proportion of endometriosis cases with chronic abdominal 

pain,2 and another was found to contain data on the distribution of pain severity.3 Data from each study 

were combined to calculate a pooled proportion of 69.4% (95% CI 66.5に72.4%) of women with 

endometriosis who have abdominal pain and, of those who suffer pain, 8.2% (7.3に9.1%) with mild pain; 

75.1% (73.6に76.5%) with moderate pain; and 16.8% (15.5に18.0%) with severe pain. No information was 

available on the proportion of time spent ┘ｷデｴ ヮ;ｷﾐく Fヴﾗﾏ デｴW A┌ゲデヴ;ﾉｷ;ﾐ Lﾗﾐｪｷデ┌Sｷﾐ;ﾉ WﾗﾏWﾐげゲ HW;ﾉデｴ 
Study (ALWHS) we were able to derive an estimate of the proportion of women who have endometriosis 

and long-term infertility.4 The excess risk of being permanently infertile with endometriosis (relative to no 

endometriosis) was calculated as the difference in risk of being infertile with and without endometriosis. 

This excess risk was 6.2% (95% CI: 4.3に8.3%). 

Severity  Lay description DW (95% CI) 

Abdominopelvic 

problem, mild 

has some pain in the belly that causes nausea but does not interfere 

with daily activities. 

0.011 

(0.005に0.021) 

Abdominopelvic 

problem, moderate 

has pain in the belly and feels nauseous. The person has difficulties 

with daily activities.  

0.114 

(0.078に0.159) 

Abdominopelvic 

problem, severe 

has severe pain in the belly and feels nauseous. The person is anxious 

and unable to carry out daily activities. 

0.324 

(0.219に0.442) 

Infertility, primary 
wants to have a child and has a fertile partner, but the couple cannot 

conceive. 

0.008 

(0.003に0.015) 

Infertility, secondary 
has at least one child and wants to have more children. The person has 

a fertile partner, but the couple cannot conceive.  

0.005 

(0.002に0.011) 
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Case definition 

Genital prolapse, also called female pelvic organ prolapse, is the clinically relevant descent of one of more 

of the pelvic structures, including the uterus, bladder, rectum, small or large bowl, or vagina. Risk of 

prolapse increases with age and can be exacerbated by vaginal childbirth or physical strain. ICD codes 

associated with genital prolapse include: N81. 

Input data 

For GBD 2010, a systematic review of genital prolapse throughout the world was conducted. Ovid 

MEDLINE, EMBASE, CINAHL, CAB abstracts, WHOLIS, and ISGLE database were searched. The agreed-

upon approach for genital prolapse was to conduct a PubMed literature search every three years. A 

PubMed search was conducted as part of the initial review in 2010 and is next due for GBD 2018. The 

search string used in Pubmed was as follows:  

(("genital prolapse" OR "genital prolapses" OR "vaginal prolapse" OR "vaginal prolapses" OR 

"uterine prolapse" OR "uterine prolapses" OR "uterovaginal prolapse" OR "uterus prolapse" OR 

"pelvic organ prolapse" OR "urogenital prolapse" OR "vaginal vault prolapse" OR cystocele OR 

I┞ゲデﾗIWﾉWゲ O‘ さV;ｪｷﾐ;ﾉ WﾐデWヴﾗIWﾉWざ O‘ さ┌ヴWデｴヴﾗIWﾉWざ O‘ さ┌ヴWデｴヴﾗIWﾉWゲざ) AND (prevalence OR 

prevalences OR epidemiology OR incidence OR incidences)) OR ふふさUデWヴｷﾐW ヮヴﾗﾉ;ヮゲWざぷMW“Hへ O‘ 
さPWﾉ┗ｷI ﾗヴｪ;ﾐ ヮヴﾗﾉ;ヮゲWざぷMW“Hへ O‘ さI┞ゲデﾗIWﾉWざぷMW“Hへぶ AND ふさPヴW┗;ﾉWﾐIWざぷMW“Hへ O‘ 
さEヮｷSWﾏｷﾗﾉﾗｪ┞ざぷMW“Hへぶ 

The search string for EMBASE was as follows: 

(("genital prolapse" OR "genital prolapses" OR "vaginal prolapse" OR "vaginal prolapses" OR 

"uterine prolapse" OR "uterine prolapses" OR "uterovaginal prolapse" OR "uterus prolapse" OR 

"pelvic organ prolapse" OR "urogenital prolapse" OR "vaginal vault prolapse" OR cystocele OR 

I┞ゲデﾗIWﾉWゲ O‘ さV;ｪｷﾐ;ﾉ WﾐデWヴﾗIWﾉWざ O‘ さ┌ヴWデｴヴﾗIWﾉWざ O‘ さ┌ヴWデｴヴﾗIWﾉWゲざぶ AND ふけｷﾐIｷSWﾐIWげっW┝ヮ O‘ 
ｷﾐIｷSWﾐIW O‘ ｷﾐIｷSWﾐIWゲ O‘ けヮヴW┗;ﾉWﾐIWろっW┝ヮ O‘ ヮヴW┗;ﾉWﾐIW O‘ ヮヴW┗;ﾉWﾐIWゲぶぶ O‘ ふふけUデWヴ┌ゲ 
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ヮヴﾗﾉ;ヮゲWげっW┝ヮが けPWﾉ┗ｷI ﾗヴｪ;ﾐ ヮヴﾗﾉ;ヮゲWげっW┝ヮが けC┞ゲデﾗIWﾉWげっW┝ヮが けEﾐデWヴﾗIWﾉWげっW┝ヮぶ AND 
ふけｷﾐIｷSWﾐIWげっW┝ヮ O‘ ｷﾐIｷSWﾐIW O‘ ｷﾐIｷSWﾐIWゲ O‘ けヮヴW┗;ﾉWﾐIWろっW┝ヮ O‘ ヮヴW┗;ﾉWﾐIW O‘ ヮヴW┗;ﾉWﾐIWゲぶぶ 

Exclusion criteria for the initial systematic review were: 

1. Studies that did not provide primary data on epidemiological parameters (eg, commentary) 

2. Reviews 

3. Clearly non-representative studies (eg, only high-risk pregnant women) 

Outpatient diagnosis from literature studies was set as the reference definition. In addition to literature, 

claims data from the USA (MarketScan), Philippines, and Taiwan were included, along with hospital 

administrative data that were corrected using a scalar that adjusts for inpatient and outpatient care, 

converting from inpatient primary admissions to inpatient and outpatient all diagnoses for individuals 

based on MarketScan data. The table below shows the dataset contents included in GBD 2017, as well as 

the number of countries or subnational units and GBD world regions represented.   

  Prevalence 

Site-years (total) 1255 

Number of countries with data 44 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Modelling strategy 

We used DisMod-MR 2.1 to run models for genital prolapse. As in previous GBD iterations, incidence was 

set to zero prior to 15 years of age. This is because it is highly unlikely a woman would experience genital 

prolapse before entering her reproductive years. We used log-transformed total fertility rate as a country 

covariate as multiparity is a recognized risk factor for prolapse. To crosswalk data collected from non-

reference settings (reference = outpatient literature study), we added study covariates for MarketScan 

and inpatient-only data. The table below illustrates covariates, measures, parameters, beta, and 

exponentiated beta values. 

Covariate name Type Measure Beta value Exponentiated value 

Total fertility rate Country covariate Prevalence 
0.923 

(0.848に0.979) 

2.516 

(2.334に2.663) 

Hospital inpatient Study covariate Prevalence 
-1.971 

(-2.269 to -1.809) 

0.139 

(0.103に0.164) 

MarketScan Study covariate Prevalence 
-1.995 

(-2.000 to -1.984) 

0.136 

(0.135に0.138) 

 

Severity splits 

The basis of the GBD disability weight (DW) survey assessment are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. To determine the proportion of people within 

each domain of disability, several studies from the systematic review were identified to contain 

information on the proportion of persons with symptoms. These data were pooled and applied to 

prevalence estimates. Two studies included information on the proportion of women with prolapse who 

experience a bulging sensation (pooled proportion = 11.7% [95% CI 6.8に19.4%]),5,6 three that reported on 
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the proportion with stress incontinence (pooled proportion = 52.8% [40.1に65.1%]),7に9 and one that 

reported on the frequency (measured as proportion of the year) of incontinence symptoms (pooled 

proportion = 7.9% [4.6に13.6%]).10 Percentages were combined to calculate the proportion of women who 

fall into both stress incontinence and bulging sensation categories. The lay descriptions and disability 

weights for genital prolapse are shown below.  

Severity  Lay description DW (95% CI) 

Stress incontinence 
loses small amounts of urine without meaning to when coughing, 

sneezing, laughing or during physical exercise. 

0.02 

(0.011に0.035) 

Abdominopelvic 

problem, mild 

has some pain in the belly that causes nausea but does not interfere 

with daily activities. 

0.011 

(0.005に0.021) 
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Case definition 

Premenstrual syndrome refers to psychological and physical symptoms that occur in the weeks leading up 

デﾗ ; ┘ﾗﾏ;ﾐげゲ ヮWヴｷﾗS ｷﾐ ｴWヴ ﾏWﾐゲデヴ┌;ﾉ I┞IﾉWく “┞ﾏヮデﾗﾏゲ ;ヴW W┝デヴWﾏWﾉ┞ ┗;ヴｷWS ｷﾐ ﾐ;デ┌ヴW ;ﾐS ゲW┗erity, but 

include tenderness, bloating, irritability, fatigue, abdominal pain, and altered mental states. Symptoms 

cease when a woman is pregnant and once she reaches menopause. The ICD-10 code is N94.3. 

Input data 

For GBD 2010, a systematic review of premenstrual syndrome throughout the world was conducted. Ovid 

MEDLINE, EMBASE, CINAHL, CAB abstracts, WHOLIS, and ISGLE database were searched. The agreed-

upon approach for premenstrual syndrome was to conduct a PubMed literature search every three years. 

A PubMed search was conducted as part of the initial review in 2010 and is next planned for the 

upcoming cycle of GBD. The PubMed search string was as follows:  

"Premenstrual Syndrome"[Mesh] OR (premenstrual AND syndrome) OR (premenstrual AND 

syndrome) OR (premenstrual AND tension) OR (premenstrual AND tensions) OR (premenstrual 

AND stress) OR さヮヴWﾏWﾐゲデヴ┌;ﾉ S┞ゲヮｴﾗヴｷI SｷゲﾗヴSWヴざ O‘ さヮヴWﾏWﾐゲデヴ┌;ﾉ S┞ゲヮｴﾗヴｷI SｷゲﾗヴSWヴゲざ O‘ 
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(menstrual AND distress) AND (("Incidence"[Mesh] OR incidence OR incidences OR onset OR 

occurrence) OR ("Prevalence"[Mesh] OR prevalence OR prevalences) 

The EMBASE search string was as follows: 

'premenstrual syndrome'/exp OR 'premenstrual dysphoric disorder'/exp OR (premenstrual AND 

syndrome) OR (premenstrual AND syndromes) OR (premenstrual AND tension) OR (premenstrual 

AND デWﾐゲｷﾗﾐゲぶ O‘ ふヮヴWﾏWﾐゲデヴ┌;ﾉ AND ゲデヴWゲゲぶ O‘ さヮヴWﾏWﾐゲデヴ┌;ﾉ S┞ゲヮｴﾗヴｷI SｷゲﾗヴSWヴざ O‘ 
さヮヴWﾏWﾐゲデヴ┌;ﾉ S┞ゲヮｴﾗヴｷI SｷゲﾗヴSWヴゲざ O‘ ふﾏWﾐゲデヴ┌;ﾉ AND SｷゲデヴWゲゲぶ AND (('incidence'/exp OR 

incidence OR incidences OR onset OR occurrence) OR (prevalence/exp OR prevalence OR 

prevalences) 

Exclusion criteria for the initial systematic review were: 

1. Studies that did not provide primary data on epidemiological parameters (eg, commentary) 

2. Reviews 

3. Clearly non-representative studies (eg, only high-risk pregnant women) 

The table below shows the number of literature studies included in GBD 2017, as well as the number of 

countries or subnational units and GBD world regions represented. Inpatient hospital data were not 

incorporated, as we believed that the likelihood that women with PMS would seek care in the medical 

system would be far more variable than the true epidemiologic variation. 

  Prevalence 

Site-years (total) 47 

Number of countries with data 23 

Number of GBD regions with data (out of 21 regions) 11 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Modelling strategy 

As in previous GBD iterations, incidence was set to zero prior to 15 years of age and after 49 years for 

GBD 2017. This is because a woman must enter puberty before she is by definition only susceptible 

between menarche and menopause. We assumed no excess mortality from PMS and further assumed 

that the duration of the condition is between 3.3 and 5 years (remission rate = 0.2に0.3 per person-year).  

Case definitions for PMS vary widely, including varying rosters of symptoms over various time periods. We 

use as our reference definition the American College of Obstetricians and Gynecologists (ACOG) criteria, 

which states that the patient reports at least one of each of the following affective and somatic symptoms 

during the five days before their menses and appear in three consecutive cycles: depression, angry 

outbursts, irritability, anxiety, confusion, social withdrawal; breast tenderness, abdominal bloating, 

headache, or swelling of extremities. We include study-level covariates for other common case 

definitions, including the ICD-10 definition of having at least one premenstrual symptom during period of 

assessment, and the Premenstrual Symptoms Screening Tool (PSST) definition. We also include covariates 

for studies that only examine moderate-to-severe PMS, or period prevalence of PMS. We used the Socio-

demographic Index (SDI) as a country-level covariate.  
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The model below shows the coefficients for the country and study level covariates that were used in the 

PMS model.  

 

Severity splits and disability weights 

Studies on the prevalence of PMS consistently excluded women who were not regularly menstruating. A 

post-DisMod adjustment was made by dividing DisMod estimates with the age-specific fertility rate 

(ASFR) from GBD 2017 estimates.  

The basis of the GBD disability weight (DW) survey assessment are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. Unfortunately, no specific disability weights 

for PMS were estimated during the GBD Disability Weight Measurement Survey. Instead, we identified 

two health states に abdominopelvic problem (mild) and major depression (mild) に as the closest 

approximations of the symptoms associated with PMS. To determine the proportion of people within 

each of these severity levels, five studies were consulted. Three of the prevalence studies in the 

systematic review provided information on the proportion of PMS cases who feel depressed.11に13 The 

pooled proportion was 74.2% (95% CI 69.6に78.3%). Two other studies addressed the proportion of 

women with PMS who experience abdominal pain.14,15 The pooled proportion was 41.1% (31.7に51.3%). 

The lay descriptions and disability weights for premenstrual syndrome are shown below.  

Severity  Lay description DW (95% CI) 

Major depressive 

disorder, mild 

episode 

feels persistent sadness and has lost interest in usual activities. The 

person sometimes sleeps badly, feels tired, or has trouble concentrating 

but still manages to function in daily life with extra effort. 

0.145 

(0.099に0.209) 

Abdominopelvic 

problem, mild 

has some pain in the belly that causes nausea but does not interfere 

with daily activities. 

0.011 

(0.005に0.021) 

 

Covariate name Type Measure Beta value 
Exponentiated 

value 

Socio-demographic Index Country covariate Prevalence 

-0.450 

(-0.979 to 

0.419) 

0.638 

(0.376に1.520) 

ICD10 definition of PMS Study covariate Prevalence 
1.154 

(0.834に1.472) 

3.170 

(2.303に4.358) 

Misc. other definitions of PMS Study covariate Prevalence 
0.432 

(0.085に1.201) 

1.540 

(1.089に3.323) 

Moderate-to-severe or severe PMS Study covariate Prevalence 
0.209 

(0.053に0.390) 

1.232 

(1.054に1.477) 

Period prevalence of PMS  Study covariate Prevalence 
0.790 

(0.257に1.653) 

2.204 

(1.293に5.223) 
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Other gynaecological conditions (menstrual and non-menstrual 

disorders) 

Other non-menstrual disorders 

Flowchart 

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Inpatient hospital 

data

Nonfatal 

database
Dismod-MR 2.1

Prevalence & 

incidence by 

location/year/

age/sex for other 

gynecological 

conditions.

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Other gynecological conditions that are not 

menstrual disorders

Claims data に 
inpatient visits

Severity splits

Prevalence of 

mild other 

gynecological 

conditions

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Outpatient hospital 

data

Adjustment from 

primary code to all 

code based on Claims 

data

Adjusted inpatient 

data

Medical Expenditure 

Panel Survey

Meta-analysis of % 

mild, moderate, 

severe other 

gynecological 

conditions. 

Claims data に 
outpatient visits

Prevalence of 

moderate other 

gynecological 

conditions

Prevalence of 

severe other 

gynecological 

conditions

 

Case definition 

Other gynaecological conditions encompasses all disorders that are not menstruation- or bleeding-related 

that do not fall under the heading of any of the other gynaecological causes. They only affect women. 

This round of GBD, we are also estimating menstrual disorders, which are written up below.  

Input data 

No literature data are used to inform models of other gynaecological conditions. We used outpatient 

hospital data as the reference category. Claims data from the USA (MarketScan), Philippines, and Taiwan 

were included, along with hospital administrative data that were corrected using a scalar that adjusts for 

inpatient and outpatient care, converting from inpatient primary admissions to inpatient and outpatient 

all diagnoses individuals based on MarketScan data. The table below shows the data used in this model:   

  Prevalence 

Site-years (total) 1160 

Number of countries with data 40 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Modelling strategy 

We ran a DisMod-MR 2.1 model to estimate the global burden of gynaecological diseases. The amount of 

data included in our model increased significantly with GBD 2015 due to the addition of USA claims data 

and in GBD 2016 with the addition of hospital data.  

As in previous GBD iterations, incidence was set to zero prior to 15 years of age. We assume no excess 

mortality from other gynaecological conditions over the same age range. We consider the outpatient data 

as our reference category and crosswalk the inpatient and claims data.  

718



The coefficients for the covariates used in the model are shown in the table below, along with measures, 

parameters, beta, and exponentiated beta values. 

Covariate name Type Measure Beta value Exponentiated 

value 

Hospital inpatient Study covariate Prevalence 

-0.741 

(-0.918 to -

0.615) 

0.477 

(0.399に0.540) 

 

Severity splits & disability weights 

The basis of the GBD disability weight (DW) survey assessment are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. To determine the proportion of women with 

other gynaecological conditions who fall into each severity level of abdominopelvic problem, data from 

the Medical Expenditure Panel Survey (MEPS) were used as described elsewhere in the appendix. The lay 

descriptions and disability weights for other gynaecological conditions are shown below.   

Severity Lay description DW (95% CI) 

Abdominopelvic problem, 

mild 

has some pain in the belly that causes nausea but does not 

interfere with daily activities. 

0.011 

(0.005に0.021) 

Abdominopelvic problem, 

moderate 

has pain in the belly and feels nauseous. The person has 

difficulties with daily activities.  

0.114 

(0.078に0.159) 

Abdominopelvic problem, 

severe 

has severe pain in the belly and feels nauseous. The person is 

anxious and unable to carry out daily activities. 

0.324 

(0.219に0.442) 
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Other menstrual disorders 

Flowchart 

 

Case definition 

Menstrual disorders encompasses all disorders that are menstruation- or bleeding-related that do not fall 

under the heading of any of the other gynaecological causes. They only affect women. 

Input data 

This cause was added to the GBD list for GBD 2017. No literature data are used to inform models of 

menstrual disorders. A systematic literature review is planned for the next GBD cycle. We used outpatient 

hospital data as the reference category. Claims data from the USA (MarketScan), Philippines, and Taiwan 

were included, along with hospital administrative data that were corrected using a scalar that adjusts for 

inpatient and outpatient care, converting from inpatient primary admissions to inpatient and outpatient 

all diagnoses individuals based on MarketScan data. The table below shows the data used in this model:  

  Prevalence 

Site-years (total) 1322 

Number of countries with data 36 

Number of GBD regions with data (out of 21 regions) 14 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

Modelling strategy 

We ran a DisMod-MR 2.1 model to estimate the global burden of menstrual disorders. Incidence was set 

to zero prior to 10 years of age and after 55 years. We assume no excess mortality from other 

gynaecological conditions over the same age range and crosswalked inpatient and claims data. We used 

mean BMI and pelvic inflammatory disease prevalence as country-level covariates. The coefficients for 

the covariates used in the model are shown in the table below. 

Covariate name Type Measure Beta value 
Exponentiated 

lue 

Mean BMI Country covariate Prevalence 
0.315  

(0.301に0.332) 

1.371  

(1.351に1.394) 
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Pelvic inflammatory disease age-

standardised prevalence 
Country covariate Prevalence 

0.490  

(0.022に0.970) 

1.633  

(1.022に2.638) 

Hospital inpatient Study covariate Prevalence 

-1.574  

(-1.635 to -

1.516) 

0.207  

(0.195に0.220) 

MarketScan Study covariate Prevalence 
1.171  

(1.107に1.219) 

3.226  

(3.025に3.384) 

 

Severity splits & disability weights 

The basis of the GBD disability weight (DW) survey assessment are lay descriptions of sequelae 

highlighting major functional consequences and symptoms. To determine the proportion of women with 

other gynaecological conditions who fall into each severity level of abdominopelvic problem, data from 

the Medical Expenditure Panel Survey (MEPS) were used as described elsewhere in the appendix. 

Anaemia causal attribution analysis used prevalence of menstrual disorders and information on the 

quantitative effect of menstrual disorders on haemoglobin level as to estimate the proportion of overall 

anaemia by severity that is due to menstrual disorders (described in more detail in the anaemia 

supplementary methods appendix). This addition replaced anaemia cases being asゲｷｪﾐWS デﾗ さﾗデｴWヴ 
gynaWIﾗﾉﾗｪｷI SｷゲﾗヴSWヴゲざ ;ゲ ; ヴWゲｷS┌;ﾉ I;デWｪﾗヴ┞ ｷﾐ デｴW ;ﾐaemia analysis. The lay descriptions and disability 

weights for other gynecological conditions are shown below.   

Severity Lay description DW (95% CI) 

Abdominopelvic problem, 

mild 

has some pain in the belly that causes nausea but does not 

interfere with daily activities. 

0.011 

(0.005に0.021) 

Abdominopelvic problem, 

moderate 

has pain in the belly and feels nauseous. The person has 

difficulties with daily activities.  

0.114 

(0.078に0.159) 

Abdominopelvic problem, 

severe 

has severe pain in the belly and feels nauseous. The person is 

anxious and unable to carry out daily activities. 

0.324 

(0.219に0.442) 

Anaemia, mild 
feels slightly tired and weak at times, but this does not interfere 

with normal daily activities. 

0.004 

(0.001に0.008) 

Anaemia, moderate 
feels moderate fatigue, weakness, and shortness of breath after 

exercise, making daily activities more difficult. 

0.052 

(0.034に0.076) 

Anaemia, severe 
feels very weak, tired and short of breath, and has problems with 

activities that require physical effort or deep concentration. 

0.149 

(0.101に0.21) 
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Haemoglobinopathies and haemolytic anaemias 

Sickle cell disorders, thalassaemias, glucose-6-phosphate dehydrogenase (G6PD) 

deficiency, sickle cell trait, thalassaemia trait, hemizygous G6PD deficiency, other 

haemoglobinopathies and haemolytic anaemias 

 

Flowchart 
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SS: Homozygous sickle cell and severe sickle-cell beta thalassemia

SC: Hemoglobin SC disease

Sbeta+: Mild sickle cell-beta thalassemia
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BTh: Beta-thalassemia major

BE: Hemoglobin E-beta thalassemia

H: Hemoglobin H disease

BTh trait: Beta thalassemia trait
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Input data and methodological summary 

 

Case definition 

Haemoglobinopathies and haemolytic anaemias span four GBD causes: thalassaemias, sickle cell 

disorders, glucose-6-phosphate dehydrogenase (G6PD) deficiency, and other haemoglobinopathies. ICD-9 

and ICD-10 codes for each are contained in Table 1. Within each category, several unique combinations of 

genetic mutations lead to distinct phenotypes with different natural history, which has led us to estimate 

several distinct subtypes of thalassaemias and sickle cell disorders. The three thalassaemia models 

included 1) beta-thalassaemia major, 2) hemoglobin E/beta-thalassaemia, and 3) hemoglobin H disease. 

Sickle cell models included 1) homozygous sickle cell and severe sickle cell/beta-thalassaemia, 2) 

haWﾏﾗｪﾉﾗHｷﾐ “C SｷゲW;ゲWが ;ﾐS ンぶ さﾏｷﾉSざ ゲｷIﾆﾉW IWﾉﾉ-beta thalassaemia. We also estimated the burden of 

glucose-6-phosphate dehydrogenase (G6PD) deficiency. Finally, we estimated prevalence and YLDs due to 

other haemoglobinopathies and haemolytic anaemias assuming the YLD-to-YLL ratio for each age, sex, 

location, and year was similar to that of the aggregate of sickle cell, thalassaemias, and G6PD deficiency.  
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TABLE 1. International classification of diseases codes for haemoglobinopathies and haemolytic anaemias in GBD 2015 

cause of death analysis  

Condition ICD-10 code ICD-9 code 

Total D55-D59 282.0-282.1, 282.7-285.8, 282.2-282.3, 282.5-282.6, 282.4 

Thalassaemias D56 282.4 

Sickle cell disorders D57 282.5-282.6 

G6PD deficiency D55 282.2-282.3 

Other haemoglobinopathies 

and haemolytic anaemias 
D58-D64.8 282.0-282.1, 282.7-285.8 

 

Input data 

 Model inputs 

Systematic literature reviews were completed for GBD 2010 and GBD 2013. These were updated on May 

1, 2015, using the following search strings: 

(thalassemias[Title/Abstract] AND (prevalence[Title/Abstract] OR survival[Title/Abstract] OR 

mortality[Title/Abstract]) AND ("2008"[PDAT] : "2013"[PDAT])) AND "humans"[MeSH Terms] 

 

(sickle cell[Title/Abstract] AND (mortality[Title/Abstract] OR survival[Title/Abstract] OR 

prevalence[Title/Abstract]) AND ("2008"[PDAT] : "2013"[PDAT])) AND "humans"[MeSH Terms] 

 

(G6PD[Title/Abstract] OR G6PD deficiency[Title/Abstract] OR glucose-6 phosphate 

dehydrogenase[Title/Abstract] OR glucose-6-phosphate dehydrogenase deficiency[Title/Abstract] AND 

(survival[Title/Abstract] OR mortality[Title/Abstract]) AND ("2008"[PDAT] : "2013"[PDAT])) AND 

"humans"[MeSH Terms] 

 

Of note, upon the recommendation from multiple GBD collaborators, we identified and re-extracted all 

primary data that had been used in GBD 2013. In some situations, this process identified cases of sickle 

cell or thalassaemia that had been assigned to incorrect subtypes, but mostly the data were correct and 

verified. We excluded any data where the results presented in a study were themselves the result of 

modelling exercises. The most significant change as a result of re-extraction was when we identified that 

much of the literature data used in GBD 2013 from females with G6PD deficiency actually did not 

correspond to our case definition of homozygous disease, but rather included combined case counts for 

homozygotes and hemizygotes. We only included homozygous disease in our datasets for GBD 2017, 

which has led to much lower estimates of G6PD deficiency in females.  

 

We extracted prevalence data from population-level and community surveys as well as with-condition 

mortality and excess-mortality data from cohort studies. Age-specific survival proportions were converted 

to with-condition mortality rates as needed. We also included data from hospital and claims data for a 

subset of haemoglobinopathy models, including beta-thalassaemia major, haemoglobin E/beta-

thalassaemia, homozygous sickle cell and severe sickle cell/beta-thalassaemia, haemoglobin SC disease, 

and mild sickle cell/beta-thalassaemia. The extraction and processing of hospital and claims data is 

described separately. Composition of final datasets are shown below for each of the different 

haemoglobinopathies and haemolytic anaemias models.  

 

Data availability 

724



Homozygous sickle cell and severe sickle cell/beta-thalassaemia (2097): 

Prevalence Excess mortality 

rate 

With condition 

mortality 

Site-years (total) 1749 23 18 

Number of countries with data 95 9 11 

Number of GBD regions with data 

(out of 21 regions) 20 7 8 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 5 4 
 

Hemoglobin SC disease (2100): 

Prevalence Excess mortality 

rate 

With condition 

mortality 

Site-years (total) 2327 8 7 

Number of countries with data 79 3 4 

Number of GBD regions with data 

(out of 21 regions) 20 3 4 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 2 3 
 

Mild sickle cell/beta-thalassaemia (2103): 

Prevalence Excess mortality 

rate 

With condition 

mortality 

Site-years (total) 1469 8 3 

Number of countries with data 65 3 2 

Number of GBD regions with data 

(out of 21 regions) 16 3 2 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 2 1 

 

Beta-thalassaemia major (2085): 

Prevalence Excess mortality 

rate 

Site-years (total) 736 29 

Number of countries with data 88 6 

Number of GBD regions with data 

(out of 21 regions) 18 3 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 2 
 

Hemoglobin E/beta-thalassaemia (2087):  
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Prevalence With condition 

mortality 

Site-years (total) 340 1 

Number of countries with data 28 1 

Number of GBD regions with data 

(out of 21 regions) 10 1 

Number of GBD super-regions with 

data (out of 7 super-regions) 5 1 
 

Hemoglobin H disease (2089):  

Prevalence 

Site-years (total) 60 

Number of countries with data 21 

Number of GBD regions with data 

(out of 21 regions) 11 

Number of GBD super-regions with 

data (out of 7 super-regions) 6 
 

G6PD deficiency (2112):  

Prevalence 

Site-years (total) 368 

Number of countries with data 92 

Number of GBD regions with data 

(out of 21 regions) 18 

Number of GBD super-regions with 

data (out of 7 super-regions) 7 

 

Modelling strategy  

Besides data re-extraction and addition of hospital and claims data, we have made no substantive 

changes to the estimation strategy since GBD 2016. We estimated the non-fatal burden of 

haemoglobinopathies in three parts.  

First, we used the datasets described above to estimate prevalence for each age-sex-location-year in the 

GBD 2017 location hierarchy using DisMod-MR 2.1. For mild sickle cell/beta-thalassaemia models, study-

level covariates were used to identify and crosswalk those data from MarketScan in the years 2000, 2010, 

and 2012, which were systematically lower than later years. In all sickle cell models and beta-

thalassaemia major, the natural log of lag-distributed income per capita (LN-LDI) was used as a sole 

country covariate on excess mortality, meant to reflect the profound impact that health system financial 

resources can have on survival from these conditions. For G6PD deficiency, data where diagnosis was 

made only on the basis of chemical or reagent testing was crosswalked to the reference definition of 

genetic G6PD deficiency; absolute value of latitude was the sole country covariate for this model.  

Second, we calculated prevalence of haemoglobinopathy traits (sickle cell trait, haemoglobin E trait, 

haemoglobin beta trait, G6PD trait) by back-calculating from birth prevalence estimates from 
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corresponding DisMod-MR 2.1 models, assuming Hardy-Weinberg equilibrium, and no excess mortality. 

Third, age-specific prevalence for all subtypes of haemoglobinopathies were paired with estimated 

sequelae distributions from a series of cohort studies and clinical data in GBD 2010 and GBD 2013. This 

included consideration of the burden of anaemia associated with homozygous and heterozygous persons 

and ensuring the estimates of haemoglobinopathy-induced anaemia were internally consistent with 

overall estimates for each condition, including prevention of double counting. The anaemia estimation 

process is described separately.  

Third, and finally, we found the ratio of YLD to YLL ratio for all haemoglobinopathies and then applied it to 

YLLs estimated for other haemoglobinopathies and haemolytic anaemias in our cause-specific mortality 

analysis. Quantitative crosswalk results for each model are shown below.  

 

Covariate, parameter, beta, and exponentiated beta values 

Homozygous sickle cell and severe sickle cell/beta-thalassaemia (2097): 

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

LDI (I$ per capita) 
Excess mortality 

rate 
Global 

-0.49 

 

0.61 

(0.45に0.90) 

Malaria Lysenko 

PfPR (2 Highest 

Endemicity) 

Prevalence Global 0.47 
1.60 

(1.42に1.65) 

 

 

 

Haemoglobin SC disease (2100):  

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

LDI (I$ per capita) 
Excess mortality 

rate 
Global 

-0.03 

 

0.97 

(0.95に1.00) 

All MarketScan 

 
Prevalence Global 2.00 

7.38 

(7.37に7.39) 
 

Mild sickle cell/beta-thalassaemia (2103):  

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

LDI (I$ per capita) 
Excess mortality 

rate 
Global 

-0.17 

 

0.85 

(0.74に0.99) 

All MarketScan, 

year 2000 
Prevalence Global 

1.99 

 

7.3 

(7.01に7.39) 

All MarketScan, 

year 2010 
Prevalence Global 1.96 

7.1 

(5.13に7.37) 
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All MarketScan, 

year 2012 
Prevalence Global 1.96 

7.1 

(5.65に7.38) 
 

Beta-thalassaemia major (2085):  

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

LDI (I$ per capita) 
Excess mortality 

rate 
Global 

-0.55 

 

0.58 

(0.55に0.67) 
 

Haemoglobin E/beta-thalassaemia (2087):  

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

Year Prevalence Global 
0.02 

 

0.98 

(0.98に0.98) 
 

Haemoglobin H disease (2089):  

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

Year Prevalence Global 
-0.01 

 

0.99 

(0.98に1.01) 
 

G6PD deficiency (2112):  

Study-level 

covariate 
Parameter Geography level Beta 

Exponentiated 

beta 

Absolute value of 

average latitude 
Prevalence Super-region 

-0.01 

 

0.99 

(0.99に1.00) 

Diagnostic 

modality based on 

chemical/reagent 

testing 

Prevalence Super-region 
0.13 

 

1.14 

(1.04に1.24) 

Year Prevalence Super-region 
-0.01 

 

1.00 

(1.00に1.00) 

 

Sequelae 

With the exception of anaemia, only homozygous individuals were considered to experience disability. 

Estimated sequelae of thalassaemias included anaemia (described separately), heart failure (described 

separately), and periodic severe infection. Another series of common, but not universal, sequelae also 

occur in those with thalassaemias, including splenomegaly, skeletal deformity, delayed growth/puberty, 

diabetes, hypothyroidism, and leg ulcers. Given sparse data on the occurrence of these sequelae, they 

┘WヴW ;ヮヮヴﾗ┝ｷﾏ;デWS ┘ｷデｴ ; ｴW;ﾉデｴ ゲデ;デW ﾐ;ﾏWS さﾗデｴWヴ IﾗﾏHｷﾐWS ゲWケ┌Wﾉ;W ﾗa デｴ;ﾉ;ゲゲaWﾏｷ;がざ for which we 

used the disability weight corresponding to a health sデ;デW ﾗa さｪWﾐWヴｷI ┌ﾐIﾗﾏヮﾉｷI;デWS SｷゲW;ゲWが ;ﾐ┝ｷWデ┞ 
;Hﾗ┌デ Sｷ;ｪﾐﾗゲｷゲ ;ﾐS S;ｷﾉ┞ ﾏWSｷI;デｷﾗﾐざ ┘ｴｷIｴ, of note, was also used to approximate the disability for 
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those with cancer in remission. For sickle cell disorders, we similarly estimated YLDs for anaemia 

(described separately), stroke, and pain crises separately and approximated the myriad additional 

IﾗﾏヮﾉｷI;デｷﾗﾐゲ ﾗa ゲｷIﾆﾉW IWﾉﾉ SｷゲW;ゲW ┘ｷデｴ デｴW ｴW;ﾉデｴ ゲデ;デW さﾗデｴWヴ IﾗﾏHｷﾐWS ゲWケ┌Wﾉ;W ﾗa ゲｷIﾆﾉW IWﾉﾉ SｷゲW;ゲWくざ 
The only sequelae estimated for G6PD deficiency were anaemia (described separately) and heart failure 

(described separately). Notably, however, G6PD deficiency is considered to be asymptomatic for a vast 

majority of those with the condition, with only a very small subset of around 1 in 1,000,000 having 

chronic haemolysis (Class I disease) and approximately 1% having periodic haemolytic episodes (Class II 

disease) with exposure to environmental, pharmaceutical, or food products. Females heterozygous for 

G6PD deficiency exhibit chimerism, as one X chromosome becomes dominant in each of the red blood 

cells, so we estimated half as many heterozygous females will be symptomatic as homozygous females.  

Uncertainty and model selection 

For all haemoglobinopathies estimates, uncertainty bounds include uncertainty due to input data, 

crosswalks from non-reference definitions in study covariates above, uncertainty in numerical solutions 

(posteriors) of each DisMod-MR 2.1 model, and proportion of all persons with each type of symptom.  

In consultation with GBD researchers and collaborators, final models were selected on a combination of 

qualitative and quantitative goodness of fit to input data, plausibility of geographic and temporal trends, 

consistency of age pattern, and, when available, comparison with other published studies on 

haemoglobinopathy epidemiology. Directionality, magnitude, and plausibility of study-level and country-

level covariates was also considered in the process of model development. Of note, due to the nature of 

statistical modelling, final results do not always cover the values reported in input data. 

 

No other significant changes were made to the modelling strategy. 
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Endocrine, Metabolic, Blood, and Immune Disorders 
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Case definition 

Endocrine, metabolic, blood, and immune disorders (EMBID) is a residual cause consisting of conditions 

that do not map to other causes within the diabetes, urogenital, blood, and endocrine disease hierarchy. 

This residual group consists mainly of thyroid disorders, rare metabolic and immune disorders, and blood 

disorders not resulting in anaemia. From the ICD chapter on Endocrine, Metabolic, and Immune Disorders 

ふデｴW E Iｴ;ヮデWヴぶ GBDげゲ SWaｷﾐｷデｷﾗﾐ ﾗa EMBID W┝Iﾉ┌SWゲ デｴW IﾗSWゲ aﾗヴ ﾐ┌デヴｷデｷﾗﾐ;ﾉ SWaｷIｷWﾐIｷWゲが Sｷ;HWデWゲ ;ﾐS 
anaemia which are modelled as separate causes; as well as those for obesity and hypercholesterolemia 

which are modelled as risks, not causes. 

 

ICD 10 codes for EMBID include: D64.4, D64.8, D68-D68.6, D68.8-D68.9, D69-D69.4, D69.6, D69.8, D70-

D70.4, D70.8-D70.9, D72-D72.1, D72.8-D72.9, D73- D73.5, D73.8-D73.9, D74.0, D74.8-D74.9, D75-D75.2, 

D75.8-D75.9, D76-D76.3, D80-D80.9, D81-D81.9, D82-D82.4, D82.8-D82.9, D83-D83.2, D83.8-D83.9, D84-

D84.1, D84.8-D84.9, D86.8, D89-D89.3, D89.8-D89.9, E03-E03.1, E03.3-E03.5, E03.8-E03.9, E04-E04.2, 

E04.8-E04.9, E05-E05.5, E05.8-E05.9, E06-E06.3, E06.5, E06.9, E07-E07.1, E07.8-E07.9, E16.1-E16.4, 

E16.8-E16.9, E20-E20.1, E20.8-E20.9, E21-E21.5, E22-E22.2, E22.8-E22.9, E23.0, E23.2-E23.3, E23.6-E23.7, 

E24-E24.1, E24.3-E24.4, E24.8-E24.9, E25.0, E25.8-E25.9, E26-E26.1, E26.8-E26.9, E27-E27.2, E27.4-E27.5, 

E27.8-E27.9, E28-E28.1, E28.3, E28.8-E28.9, E29-E29.1, E29.8-E29.9, E30-E30.1, E30.8-E30.9, E31-E31.2, 

E31.8-E31.9, E32-E32.1, E32.8-E32.9, E34-E34.5, E34.8-E34.9, E67-E67.3, E67.8, E70-E70.5, E70.8-E70.9, 

E71-E71.5, E72-E72.5, E72.8-E72.9, E73-E73.1, E73.8-E73.9, E74-E74.4, E74.8-E74.9, E75-E75.6, E76-

E76.3, E76.8-E76.9, E77-E77.1, E77.8-E77.9, E79-E79.2, E79.8-E79.9, E80-E80.7, E83-E83.9, E84-E84.9, 

E85-E85.9, E88-E88.9. 
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Input data 

 Model inputs 

Data from US claims data for 2000, 2010, and 2012 by US state were included. Hospital inpatient data 

was also included. Inpatient data points with an age-standardised mean prevalence greater than 1.5 

median absolute deviations from the median of the age-standardised mean prevalence rate for all 

inpatient data were marked as outliers and excluded from analysis.  

The table below shows the number of countries and GBD world regions represented. 

  Prevalence 

Site-years (total) 1438 

Number of countries with data 46 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-

regions) 7 

 

Severity splits & disability weights 

The basis of the GBD disability weight survey assessments is lay descriptions of sequelae highlighting 

major functional consequences and symptoms. EMBID is split into asymptomatic, mild, moderate, and 

severe categories. The lay descriptions and disability weights for EMBID are shown below. 

Severity level Lay description DW (95% CI) 

Asymptomatic endocrine, 

metabolic, blood, and immune 

disorders 

-- -- 

Mild endocrine, metabolic, 

blood, and immune disorders 
Has low energy and feels cold. 

0.019 

(0.01に0.032) 

Moderate endocrine, metabolic, 

blood, and immune disorders 

Feels nervous, has palpitations, 

sweats a lot, and has difficulty 

sleeping. 

0.145 

(0.096に0.202) 

Severe endocrine, metabolic, 

blood, and immune disorders 

Easily bruises and sometimes 

bleeds from the gums and nose; 

feels weak and has some 

difficulty with daily activities. 

0.159 

(0.106に0.226) 

 

The severity distribution of EMBID was derived from analysis of the Medical Expenditure Panel Surveys 

(MEPS). MEPS is an overlapping panel survey of the non-institutionalised USA population that collects 

S;デ; ﾗﾐ ヴWゲヮﾗﾐSWﾐデゲげ ｴW;ﾉデｴ ゲWヴ┗ｷIW ｷﾐデWヴ;Iデｷﾗﾐゲく P;ﾐWﾉゲ ;ヴW ｷﾐｷデｷ;デWS W┗Wヴ┞ ┞W;ヴく E;Iｴ ヮ;ﾐWﾉ ｷゲ デ┘ﾗ ┞W;ヴゲ 
long and consists of five rounds. In 2000, MEPS began using 12-Item Short Form Surveys (SF-12) to collect 

data on functional health status. The SF-12 survey is administered twice per panel (about once per year).   

In order to translate SF-12 scores into GBD disability weights, 62 lay descriptions for conditions 

representing the full range of disability weight values (from most mild to most severe) were selected. A 

convenience sample of respondents was then asked to complete an SF-12 form for an individual with the 
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health state described in the lay descriptions of these conditions. Composite mental and physical SF-12 

score was regressed on GBD disability weight to derive the relationship between disability weight and SF-

12 score. Individual respondent scores were then regressed on reported conditions to obtain a 

comorbidity-corrected condition-specific disability weight. The distribution of these condition-specific 

weights was used derive the proportion of individuals with the conditions that fall within each GBD 

severity category.  

Severity Distribution  

Asymptomatic endocrine, metabolic, blood, and 

immune disorders 

0.410 (0.398, 0.423) 

Mild endocrine, metabolic, blood, and immune 

disorders 

0.387 (0.328, 0.430) 

Moderate endocrine, metabolic, blood, and 

immune disorders 

0.061 (0.042, 0.060) 

Severe endocrine, metabolic, blood, and immune 

disorders 

0.142 (0.115, 0.173) 

 

Modelling strategy 

We ran a DisMod MR-2.1 model to produce estimates by age, sex, year, and location. Prior settings in the 

EMBID DisMod model include an upper bound on remission of 0.25, corresponding to a maximum 

duration of four years. We used the function in DisMod-MR 2.1 to pull in cause-specific mortality rate 

(CSMR) data from our CODEm and CODcorrect analyses and match them with prevalence data points for 

the same geography and study year to estimate priors on excess mortality rates (by dividing CSMR by 

prevalence). 

We included the covariate Lagged Distributed Income (LDI) as a country-level covariate to inform excess 

mortality, with bounds of -0.5, -0.1. 

Compared to GBD 2016, major changes include inclusion of inpatient data from a greater number of 

geographies.   
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Oヴ;ﾉ SｷゲﾗヴSWヴゲぎ ESWﾐデ┌ﾉｷゲﾏが C;ヴｷWゲ ﾗa SWIｷS┌ﾗ┌ゲ デWWデｴが C;ヴｷWゲ ﾗa ヮWヴﾏ;ﾐWﾐデ 
デWWデｴが CｴヴﾗﾐｷI ヮWヴｷﾗSﾗﾐデ;ﾉ SｷゲW;ゲWが ;ﾐS OデｴWヴ ﾗヴ;ﾉ SｷゲﾗヴSWヴゲ 
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Figure 1: Modelling flowchart for edentulism 

Case definition 

The case definition of edentulism includes any individual with zero remaining permanent teeth; 

toothlessness of infancy is not included. The assessment of this disease includes quantification of the 

prevalence of the disease as well as estimation of the major sequelae: asymptomatic toothlessness and 

ゲ┞ﾏヮデﾗﾏ;デｷI デﾗﾗデｴﾉWゲゲﾐWゲゲ ﾉW;Sｷﾐｪ デﾗ さｪヴW;デ SｷaaｷI┌ﾉデ┞ ｷﾐ W;デｷﾐｪ ﾏW;デが aヴ┌ｷデゲが ;ﾐS ┗WｪWデ;HﾉWゲくざ A ゲﾏ;ﾉﾉ 
body of evidence has begun to emerge that implicates edentulousness as predisposing individuals to 

increased risk for ischaemic cardiovascular events including myocardial infarction and stroke. These data 

are sparse but have been included in models estimating the excess mortality of those with complete 

tooth loss. Given that the association is believed to be ecological rather than causal, however, 

edentulism has not been estimated as an underlying cause of death and it is not included in the risk 

factor analysis for cardiovascular diseases.  

Input data 

An initial literature review was done by the Expert Group for GBD 2010, including published articles as 

well as the results of national and subnational reports. A new systematic review was completed for GBD 

2017. The search terms for this systematic review included: (Edentulism[Title/Abstract]) OR 

(edentulous[Title/Abstract]) OR (endentulousness[Title/Abstract]) OR (severe tooth loss[Title/Abstract]) 

OR (total tooth loss[Title/Abstract]) OR (complete tooth loss[Title/Abstract]) AND 

ふヮヴW┗;ﾉWﾐIWぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさヲヰヱヰざぷD;デW - P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱΑざぷD;デW - Publication]).  
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While an additional literature review was not performed for GBD 2015, new World Health Survey data 

were added for 47 countries. Additional data identified by GBD collaborators has continued to be added 

as it has been identified. Updates to systematic reviews are performed on an ongoing schedule across all 

GBD causes. 

Bias in the dataset was considered to be negligible. Diagnostic criteria for this condition are very clear 

(zero remaining teeth). Additionally, all included studies are considered representative of the study 

population. Thus, covariates to account for excess variability were not deemed necessary. Few data 

points were marked as outliers during the modelling process. The table below illustrates data 

availability.  
 

Incidence RR Prevalence 

Site-years (total) 11 9 602 

Number of countries with data 4 5 88 

Number of GBD regions with data (out of 21 regions) 4 3 21 

Number of GBD super-regions with data (out of 7 super-regions) 2 1 7 

Table 1: Data availability for edentulism by parameter type 

Modelling strategy  

First, estimates for the prevalence of edentulism and severe toothlessness were calculated for each 

location/year/sex/age using DisMod-MR 2.1. Then, estimates of the proportion of the population with 

accWゲゲ デﾗ SWﾐデ┌ヴWゲ ┘WヴW ｪWﾐWヴ;デWS aﾗヴ W;Iｴ ﾉﾗI;デｷﾗﾐが ;ﾐS デｴW Sｷゲ;Hｷﾉｷデ┞ ┘Wｷｪｴデ aﾗヴ さｪヴW;デ SｷaaｷI┌ﾉデ┞ ｷﾐ 
W;デｷﾐｪ ﾏW;デが aヴ┌ｷデゲが ;ﾐS ┗WｪWデ;HﾉWゲざ ┘;ゲ ;ヮヮﾉｷWS デﾗ デｴW ヮヴﾗヮﾗヴデｷﾗﾐ ﾗa デｴW ヮﾗヮ┌ﾉ;デｷﾗﾐ ┘ｷデｴ WSWﾐデ┌ﾉｷゲﾏ 
and no access to dentures.  

DisMod model development 

As would be expected for an irreversible condition, remission was fixed at zero for all ages. Mortality 

and relative risk were both fixed at zero before age 30, as any excess cardiovascular events resulting 

from severe tooth loss would not be expected at younger ages. We also assigned incidence and 

prevalence to be zero during childhood. Incidence was allowed to rise beginning at age 15, which was 

chosen based on the age at which the permanent dentition is expected to have fully formed in all 

individuals. The random effect limits for all locations were bounded at +/- 1.  

As mentioned above, the criteria for diagnosis of edentulism are straightforward, and bias in the dataset 

was considered negligible. Thus, no study-level covariates were used in modelling the prevalence of 

edentulism. We included two location-level covariates in the model: 1) Log-transformed lag-distributed 

income (LDI) with a minimum beta value of 0.02 and 2) Log-transformed age-standardised summary 

exposure value (SEV) scalar of cardiovascular disease (CVD) in recognition of the common risk factors 

between CVD and tooth loss.  

Models were vetted based on the plausibility of the results, the extent to which estimates fit the data, 

and the plausibility of the range of estimates across location hierarchies. We have made no substantive 

changes in the modelling strategy in GBD 2017.  

Severity distributions and disability weights 

The disability weight used for symptomatic toothlessness ﾉW;Sｷﾐｪ デﾗ さｪヴW;デ SｷaaｷI┌ﾉデ┞ ｷﾐ W;デｷﾐｪ ﾏW;デゲが 
aヴ┌ｷデゲが ;ﾐS ┗WｪWデ;HﾉWゲざ ｷゲ ヰくヰヶΑ ふヰくヰヴヵに0.095) as determined by the GBD disability survey. We 

considered all those with severe tooth loss and no access to dentures to experience this disability.  
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However, the proportion of those with edentulism and severe tooth loss who have dentures has not 

been studied extensively. 

In order to estimate the proportion of edentulous individuals with no access to dentures, we completed 

a supplemental literature review of dentures prevalence for GBD 2010. Only six systematic surveys of 

dentures prevalence were identified, all in high- and middle-income countries. All were completed since 

2000. After extracting the data from the studies, we performed linear regressions of denture presence 

and denture absence against health system access (HSA), a standardised covariate of treatment 

availability used in many disease estimation models. From the results of the regression, the prevalence 

of no dentures was calculated for all super-regions. We then completed a population-weighted average 

of all countries in the super-region based on 2003 populations, the average year of the dentures studies. 

Uncertainties for the prevalence of dentures were calculated by finding the standard deviation and 

standard error of the calculated prevalence values. 

The estimated prevalence of dentures in each location was used to calculate the proportion of 

individuals with asymptomatic edentulism and severe tooth loss (eg, those who have access to 

dentures) and difficulty eating due to edentulism and severe tooth loss (eg, those without access to 

dentures). This latter sequela was included as a cause of years lost due to disability (YLDs).   

Caries of permanent teeth and caries of deciduous teeth 
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Figure 3: Modelling flowchart for caries of deciduous teeth 
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Flowchart for caries of permanent teeth 
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Figure 4: Modelling flowchart for caries of permanent teeth 

Case definition 

TｴW I;ゲW SWaｷﾐｷデｷﾗﾐ aﾗヴ SWﾐデ;ﾉ I;ヴｷWゲ ｷゲ さデWWデｴ ┘ｷデｴ ┌ﾐﾏｷゲデ;ﾆ;HﾉW Iﾗヴﾗﾐ;ﾉ I;┗ｷデ┞ ;デ SWﾐデｷﾐ ﾉW┗Wﾉが ヴﾗﾗデ 
cavity in cementum that feel soft or leathery to probing, temporary or permanent restorations, or 

missing teeth extracted due to a caries lesion.ざ This definition corresponds to an ICD-9 code of 521.0 

and an ICD-10 code of K02.3 に K02.9. Most caries are subclinical in the sense that they do not cause 

symptoms a majority of the time. Once a carious lesion develops, it will occasionally recede without 

intervention. Generally, however, it worsens with time and eventually requires either filling or 

extraction. The major sequela associated with the condition is symptomatic caries, which is defined as 

さ; デﾗﾗデｴ;IｴWが ┘ｴｷIｴ I;┌ゲWゲ ゲﾗﾏW SｷaaｷI┌ﾉデ┞ W;デｷﾐｪくざ 

Public health dentists commonly measure dental caries using the dmft/DMFT index, which is an 

incremental measure of the proportion of unhealthy teeth ;ﾐS ｷゲ ;ﾉゲﾗ ; ﾏW;ゲ┌ヴW ﾗa ;ﾐ ｷﾐSｷ┗ｷS┌;ﾉげゲ 
lifetime prevalence of caries. Lowercase letters (dmft) are used for deciduous dentition and uppercase 

letters (DMFT) for permanent dentition. D is for decayed, M for missing, F for filled, and T for teeth. The 

maximum dmft score is 20 and the maximum DMFT score is 32. Furthermore, some dentists prefer to 

measure dental caries in terms of tooth surfaces, rather than number of teeth, and report their results 

using an analogous dmfs/DMFS index. The maximum dmfs score is 88, and the maximum DMFS score is 

128 or 148 depending on whether the third molars are counted.  

The DMFT index is easy to measure and inter-rater reliability is high. However, the primary shortcoming 

of the DMFT is that it does not discriminate well between current and past caries. Strategies we 

employed to maximally utilise dmf/DMF data for estimating the prevalence of burden due to permanent 

caries are described below. 

Input data 

A literature review was conducted by the expert group for GBD 2010, and an additional systematic 

review was performed for GBD 2013 and updated for GBD 2017. The search terms used in the literature 
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review for permanent caries were (Permanent caries[Title/Abstract]) OR (caries 

prevalence[Title/Abstract]) OR (dental health[Title/Abstract]) OR (oral health[Title/Abstract]) AND 

(prevalence[Title/Abstractへぶ AND ふ さヲヰヱヰざぷD;デW - P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱンざぷD;デW - Publication]). The search 

string for deciduous caries was (Deciduous caries[Title/Abstract]) OR (milk caries[Title/Abstract]) OR 

(baby caries[Title/Abstract]) OR (caries[Title/Abstract]) OR (dental health[Title/Abstract]) OR (oral 

ｴW;ﾉデｴぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふヮヴW┗;ﾉWﾐIWぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふ さヲヰヱヰざぷD;デW - P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱΑざぷD;デW - 
Publication]).  

The reference definition for this model was presence of one or more teeth with current decay (for 

prevalence) whereas each additional carious tooth was counted as a separate incident event. Many of 

the studies presented dmft or DMFT scores, which represent lifetime prevalence and were often 

SWゲIヴｷHWS ;ゲ さI;ヴｷWゲ W┝ヮWヴｷWﾐIW.ざ Fﾗヴ デｴW ヮ┌ヴヮﾗゲWゲ ﾗa ﾏW;ゲ┌ヴｷﾐｪ デｴW H┌rden of disability from dental 

caries, we converted lifetime prevalence data to current prevalence for individuals aged 20 years and 

less. We did this by multiplying the observed lifetime prevalence by the ratio of d/D to dmf/DMF. When 

d/dmf or D/DMF information was available from the same study, this ratio was applied. When not 

available from the same study, the pooled ratio from the closest matching GBD geography was used for 

the multiplication (country, region, super-region, global). If dmf/DMF data were from surfaces rather 

than teeth, these data were used but were converted during the modelling process to be equivalent to if 

a per-tooth measure had been used by applying a study-level covariate and crosswalk in DisMod-MR 

2.1.  

Calculation of incidence from dmft/DMFT increment 

Whereas in the deciduous dentition, a vast majority of the dmf index is accounted for by caries, tooth 

loss is a major contributor to the DMF index for the permanent dentition. Caries of permanent teeth 

may not necessarily be the primary driver of this tooth loss, as other factors such as periodontal disease 

and trauma may contribute significantly. Thus, we performed the conversions of incremental dmf/DMF 

scores to incidence values for permanent caries only in individuals ages 20 years or less and for all ages 

in the case of deciduous caries. For longitudinal studies, the difference between the dmf/DMF score in 

the initial versus subsequent examination was taken to be equivalent to the number of incident caries 

over that time period. This assumes a negligible proportion of dmf/DMF increment is due to trauma in 

children. For cross-sectional studies examining children of different ages, we only calculated incidence 

when the gap in age was three years or fewer given the propensity for strong cohort effects in caries 

epidemiology. The final dataset contents are shown in the tables below.  
 

Incidence Prevalence 

Site-years (total) 220 857 

Number of countries with data 31 79 

Number of GBD regions with data (out of 21 regions) 16 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 7 

Table 3: Data availability for caries of deciduous teeth by parameter type 

 
Incidence Prevalence 

Site-years (total) 65 441 

Number of countries with data 30 81 

Number of GBD regions with data (out of 21 regions) 14 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 7 

Table 4: Data availability for caries of permanent teeth by parameter type 
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Modelling strategy  

Separate estimates of caries of deciduous teeth and caries of permanent teeth 

The natural histories of deciduous and permanent caries share many similarities, but they also share 

some important differences. Age patterns of decay in permanent and deciduous dentition are distinct, 

and duration of a carious lesion in deciduous teeth also tends to be shorter than an untreated episode 

of permanent caries. Sugar consumption and feeding with formula are both associated with 

development of deciduous caries, but not with permanent caries. Finally, it is unclear whether the 

gender patterns and regional differences are the same for both deciduous and permanent caries. For all 

of these reasons, we elected to model deciduous caries and permanent caries as separate entities and 

then add the estimates together for an overall estimation of the global burden of dental caries. This is 

the modelling approach which has been taken in each iteration since GBD 2010.  

DisMod model development 

Serious health consequences of caries were also assumed to be uncommon and death very rare. We 

therefore assigned excess mortality to be zero from age 0 to 100. For both types of caries, most of the 

model settings were similar. Several study-level covariates were used to identify data points that were 

systematically different than the reference of current decay. These include if d/dmf ratio was used to 

convert lifetime prevalence, if dmf increment was used to calculate incidence data, and if the dmf score 

was based on number of affected surfaces rather than number of affected teeth. Each study covariate 

acts as a conversion factor where the original value is divided by the exponentiated beta value of the 

covariate. Location-level covariates were assigned separately on prevalence and incidence. Sugar 

availability in food from the GBD diet analysis was used as a covariate on incidence with a positive beta, 

while prevalence was assigned log-transformed LDI with a negative beta to reflect the association with 

access to dental care.  

The primary difference between the two models was in value priors. We assumed zero incident caries in 

infants under 1 year old and similarly zero incident deciduous caries from age 11 onward. For 

permanent caries, we assumed zero incident cases in children under 5 years old.  

Although studies were screened carefully during data extraction to ensure that they specified whether 

they were measuring permanent or deciduous caries, some data points were marked as outliers during 

modelling due to their high prevalence values in young ages, as it was deemed likely that some of these 

studies were reporting deciduous in addition to permanent caries.  

As with deciduous caries, models for permanent caries were vetted based on the plausibility of the 

results, the extent to which estimates fit the data, and the plausibility of the range of estimates across 

location hierarchies.  

Correction for edentulism  

One systematic source of bias in the literature was the exclusion of edentate individuals from the study 

populations, which leads to systematic overestimation of caries prevalence when modelled over the 

entire population. To account for this bias, we used our GBD estimates of edentulism prevalence to 

adjust YLD estimates for caries of permanent teeth. Final DisMod-MR 2.1 estimates of edentulism 

prevalence were paired with the corresponding results for caries of permanent teeth by age group, sex, 
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location, and year to adjust for the proportion of the population that was excluded from the 

denominator of permanent caries models. No adjustment was made to the estimates of caries of 

deciduous teeth.  

Severity distributions and disability weights 

As desIヴｷHWS ;Hﾗ┗Wが デｴW GBD SWaｷﾐｷデｷﾗﾐ ﾗa Sｷゲ;Hｷﾉｷデ┞ ;ゲゲﾗIｷ;デWS ┘ｷデｴ ゲ┞ﾏヮデﾗﾏ;デｷI SWﾐデ;ﾉ I;ヴｷWゲ ｷゲ さデｴｷゲ 
ヮWヴゲﾗﾐ ｴ;ゲ ; デﾗﾗデｴ;IｴWが ┘ｴｷIｴ I;┌ゲWゲ ゲﾗﾏW SｷaaｷI┌ﾉデ┞ W;デｷﾐｪくざ TｴW Sｷゲ;Hｷﾉｷデ┞ ┘Wｷｪｴデ ;ゲゲﾗIｷ;デWS ┘ｷデｴ デｴｷゲ 
condition is 0.01 (0.005に0.019), as derived from the GBD disability weights study.  

Not all those with dental caries experience this disability all the time. We considered only those with 

active dentinal decay to experience symptomatic tooth pain. Those with deciduous caries who had 

undergone exfoliation or had their cavities filled were considered to have no disability. Likewise, those 

with permanent caries who had received fillings, had their cavities extracted, or lost a carious tooth 

altogether were considered to have no disability. Thus, two additional pieces of information are 

required to complete the calculation of years of life lived with disability (YLDs): proportion with 

symptoms and duration of disability. 

To determine which segment of the population has ongoing tooth pain and the proportion of time spent 

with tooth pain, we considered several different options. First, we examined the data on dental caries 

symptoms and disability from the Medical Expenditure Panel Survey (MEPS) conducted by the USA 

Department of Health and Human Services in 2000に2009. MEPS data were widely used in GBD 2010 

analyses. Respondents to the survey are asked about all medical conditions. Conditions for which 

provider care was sought are reported by the respondents at every round, and respondents also report 

problems for which they did not see a provider if the symptoms were さbotheringざ them. Conditions can 

be added to the condition roster if 1) they are reported as a reason for a medical event, 2) the condition 

was reported as デｴW ヴW;ゲﾗﾐ aﾗヴ ﾗﾐW ﾗヴ ﾏﾗヴW Sｷゲ;Hｷﾉｷデ┞ S;┞ゲが ﾗヴ ンぶ デｴW IﾗﾐSｷデｷﾗﾐ ┘;ゲ さHﾗデｴWヴｷﾐｪざ デｴW 
person during the reference period. Conditions are then recorded as verbatim text and coded to ICD-

9CM 3rd digit codes by professional medical coders. These ICD9 codes were mapped to GBD causes, 

including dental caries. From the MEPS, symptomatic caries in the previous year were reported by 48.4% 

(95% CI 44.3に52.9) of the respondents. This number is in agreement with our DisMod 3 estimates of 1-2 

years duration in North America, high-income for permanent caries if we consider people to only have 

symptoms at the end of a course of caries. The two primary shortcomings of using this approach are 1) it 

does not provide enough detail to differentiate between the experiences of those with deciduous versus 

permanent caries, and 2) it indicates the proportion of those with caries who were symptomatic during 

the previous year, but it does not provide information on the amount of time during that year spent 

with symptoms (ie, one day versus 12 months). The approach described below addresses both issues. 

To determine duration, we adapted the method employed by the Australian Burden of Disease (AusBoD) 

Study in 1996. For total duration, we used the posterior estimates of duration from final DisMod 

models. For those with symptoms, we split this total duration into two distinct phases of caries 

Sｷゲ;Hｷﾉｷデ┞く TｴW さｷﾐｷデｷ;ﾉざ ヮｴ;ゲW ｷゲ characterised by periodic pain that we assigned to occur an average of 

ﾗﾐW ｴﾗ┌ヴ ヮWヴ S;┞く TｴW さデWヴﾏｷﾐ;ﾉざ ヮｴ;ゲW ｷゲ ; ヮWヴｷﾗS ﾗa constant symptoms at the end of an episode. The 

length of the terminal phase was determined by literature review as described by the AusBoD group. For 

deciduous caries we used a study by Mason and colleagues of children in the UK presenting to a casualty 

ward with tooth pain [1]. The length of time each child had been experiencing tooth pain was recorded. 

Based on the distribution of time courses, a log-normal distribution was plotted that approximated the 
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average duration of constant symptoms at 27.6 days leading up to seeking care. For permanent caries, a 

similar study of the tooth pain experience of adults in New Zealand who presented to hospital dental 

departments and an emergency clinic [2] resulted in an estimated 55.2 days spent in the terminal phase 

of caries. For those with severe disease, the length of time spent in the terminal phase was subtracted 

from the total duration to determine the amount of time spent in the initial phase. For those with mild 

disease, we considered the entire duration to be spent in the initial phase. These calculations were last 

completed as part of the GBD 2013 analysis.  

To determine proportion with symptoms, we completed a supplemental literature review of tooth pain 

and caries. We identified a total of 21 studies with data about the prevalence of pain. The studies were 

grouped according to the type of dentition studied (deciduous or permanent) and the location of the 

study group (high-income or low- and middle-income countries). We extracted data on the proportion in 

each group that described symptoms of pain related to their caries as well as a subset who described 

their symptoms as being severe. The proportions in each group were weighted according to sample size 

to give estimates of the relative sizes of three groups: asymptomatic, mild, and severe. The results of 

this meta-analysis are illustrated in the table below. 

We considered asymptomatic individuals to experience no disability. Those with mild disease spent the 

entire duration in the initial phase of disease (one hour of pain per day). Those with severe disease 

spent a majority of the duration in the initial phase followed by a period of time in the terminal phase 

(constant pain). YLDs were calculated by multiplying the prevalence, duration, proportion, and disability 

weight for each age, country, sex, and year.  
 

# of studies % symptomatic 

of total 

% severe among 

symptomatic 

% mild of 

total 

% severe of 

total 

% asymptomatic 

of total 

Deciduous caries 

Data-rich 5 0.35 0.257 0.26 0.09 0.65 

All others 4 0.555 0.438 0.312 0.243 0.445 

Permanent caries 

Data-rich 6 0.602 0.315 0.412 0.189 0.398 

All others 6 0.954 0.548 0.432 0.521 0.046 

Duration of phases 

Initial phase 1 hour per day 

Terminal phase (deciduous caries) 27.6 days 

Terminal phase (permanent caries) 55.2 days 

Table 6: Duration and distribution of severity for tooth pain due to caries of deciduous and permanent teeth 
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Figure 7: Modelling flowchart for chronic periodontal disease 

Case definition 

Chronic periodontal disease is caused by chronic bacterial infection around the teeth. Symptoms of 

gingivitis, the mildest form of the disease, include swelling, redness, and propensity of the gums to 

bleed when perturbed. If the infection is not treated appropriately, it will eventually spread below the 

gum line, leading to a chronic inflammatory state of the periodontal tissues. Over time, there will be loss 

of gingival tissue and alveolar bone destruction. Teeth will become loose and may need to be extracted.  

TｴW GBD SWaｷﾐｷデｷﾗﾐ ﾗa Sｷゲ;Hｷﾉｷデ┞ ;ゲゲﾗIｷ;デWS ┘ｷデｴ ゲ┞ﾏヮデﾗﾏ;デｷI ゲW┗WヴW ヮWヴｷﾗSﾗﾐデ;ﾉ SｷゲW;ゲW ｷゲ さH;S HヴW;デｴが 
a bad taste in the mouth, and gums that bleed a little from time to time, but which does not interfere 

┘ｷデｴ S;ｷﾉ┞ ;Iデｷ┗ｷデｷWゲくざ TｴW ICD-10 codes for periodontal disease are K05.0 に K05.6, and the ICD-9 codes 

are 523.0 に 523.9.  

Defining periodontal disease in a meaningful, reproducible manner has been an ongoing challenge for 

public health dentists. Attachment loss (AL) and pocket depth (PD) have emerged as the most common 

metrics of periodontal health measurement. Attachment loss (AL) is measured as the difference 

between the distance from the gingival margin to the bottom of the pocket and the distance from the 

cemento-enamel junction to the bottom of the pocket.  

The Community Periodontal Index of Treatment Needs (CPITN) is a classification system that was 

developed by WHO as a standardised method of periodontal health measurement. CPITN classification 

is based on quantifying the probing depth between teeth and gums. The mouth is divided into six 

sections, called sextants. Sextants with fewer than two teeth are excluded. Multiple teeth in each 

sextant are examined. A standard-sized probe is used, with depth markings from 3.5 to 5.5 mm. The 

probe is inserted into the sulcus between a tooth and the gingiva until it meets resistance. The 
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surrounding area is then explored with the probe to determine the maximum depth of the pocket. 

Multiple areas around each tooth are probed. Scores range from 0 to 4 in order of increasing severity. 

When the CPITN method was employed, we considered those with Class 4 only. We excluded studies in 

which the study population was reported as the number of sextants rather than the number of 

individuals surveyed.  

In 2007, a new CDC proposal for gold standard diagnosis of severe, chronic periodontitis was published 

[1]. This standard specified that a stricter definition of the condition should be implemented. This more 

exclusive definition of chronic periodontal disease includes > 2 interproximal sites with AL > 6 mm AND 

> 1 interproximal site with PD > 5 mm. 

A small body of evidence has begun to emerge that implicates chronic periodontal disease as 

predisposing individuals to increased risk for ischaemic cardiovascular events including myocardial 

infarction and stroke. These data are sparse but have been included in models estimating the excess 

mortality of those with chronic periodontal disease. Given that the association is believed to be 

ecological rather than causal, however, periodontal disease has not been estimated as an underlying 

cause of death and it is not included in the risk factor analysis for cardiovascular diseases. 

Input data 

For GBD 2010, a review of the literature on periodontal disease prevalence was conducted by the Expert 

Group and it was updated for GBD 2013 and GBD 2017. The literature review used the following search 

terms: (Periodontal disease[Title/Abstract]) OR (periodontitis[Title/Abstract]) OR 

(periodontal[Title/Abstract]) AND ふヮヴW┗;ﾉWﾐIWぷTｷデﾉWっAHゲデヴ;Iデへぶ AND ふさヲヰヱヰざぷD;デW - Publication] : 

さヲヰヱΑざぷD;デW - Publication]). Additional data identified by collaborators from scientific studies or from 

health surveys has been extracted and included in models on an ongoing basis.  

We implemented a hierarchical preference for case definitions. We included the following definitions of 

severe periodontal disease commonly found in the literature: 

1. Community Periodontal Index of Treatment Needs (CPITN)  俄  Class 4 only 

2. Clinical Attachment Loss (AL) > 6mm 

3. Clinical Attachment Loss (AL) > 5mm 

4. Clinical Attachment Loss (AL) > 4mm 

5. Gingival Pocket Depth (PD) > 5mm 

If more than one type of data was included in a study, our first preference was for CPITN = 4, followed 

by AL >6 mm, and PD >5. All were considered equivalently as reference definitions with no additional 

crosswalking performed. All definitions were extracted for each datum as available this time, and a 

series of study covariates were used to crosswalk non-standard definitions to the reference standard of 

CPITN stage 4. The table below illustrates data availability for chronic periodontal disease models.  
 

Incidence Prevalence 

Site-years (total) 65 441 

Number of countries with data 30 81 

Number of GBD regions with data (out of 21 regions) 14 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 7 

Table 7: Data availability for chronic periodontal disease by parameter type 
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Modelling strategy  

First, estimates for the prevalence of chronic periodontal disease were generated for each 

location/year/sex/age using DisMod-MR 2.1. Then, these prevalence estimates were adjusted for the 

prevalence of edentulism given that edentate individuals are systematically excluded from surveys of 

periodontal disease. Final estimates were multiplied by the Sｷゲ;Hｷﾉｷデ┞ ┘Wｷｪｴデ aﾗヴ さbad breath, a bad taste 

in the mouth, and gums that bleed a little from time to time, but which does not interfere with daily 

activitiesざ to calculate years of life lived with disability (YLDs).  

DisMod model development 

Mortality was fixed to zero, and relative risk was fixed to 1.0 before age 30, as any excess cardiovascular 

events that occur in those with severe tooth loss would not be expected at young ages. Incidence and 

prevalence were assigned to be zero until age 8, as periodontal disease is largely considered to be a 

disease of adulthood. Incidence was allowed to rise beginning at age 9, based on the youngest age at 

which there was a non-zero point estimate for prevalence in the dataset. Additional bounds were 

assigned for incidence, remission, and excess mortality to improve plausibility in the DisMod estimates. 

Remission was bounded 0 to 0.05, excess mortality rate from 0 to 0.0001, and incidence from 0 to 0.05. 

We considered these bounds to reasonably reflect the natural history of the disease.  

Study-level covariates were used to identify data that were not from the reference category. Non-

standard definition data in the model included 1) CPITN class III and 2) AL >5mm. Reproductive age-

standardised smoking prevalence and the log-transformed age-standardised SEV scalar for CVD were 

both used as location-level covariates.  

Models were vetted based on the plausibility of the results, the extent to which estimates fit the data, 

and the plausibility of the range of estimates across location hierarchies.  

Correction for edentulism  

One systematic source of bias in the literature was the exclusion of edentate individuals from the study 

populations, which leads to systematic overestimation of periodontal disease prevalence when 

modelled over the entire population. To account for this bias, we used our GBD estimates of edentulism 

prevalence to adjust YLD estimates for chronic periodontal disease. Final DisMod-MR 2.1 estimates of 

edentulism prevalence were paired with the corresponding results for caries of permanent teeth by age 

group, sex, location, and year to adjust for the proportion of the population that was excluded from the 

denominator of permanent caries models. No adjustment was made to the estimates of caries of 

deciduous teeth.  

Severity distributions and disability weights 

We considered all estimated prevalent cases of chronic periodontal disease to experience the disability 

SWゲIヴｷHWS H┞ さH;S HヴW;デｴが ; H;S デ;ゲデW ｷﾐ デｴW ﾏﾗ┌デｴが ;ﾐS ｪ┌ﾏゲ デｴ;デ HﾉWWS ; ﾉｷデデﾉW aヴﾗﾏ デｷﾏW デﾗ デｷﾏWが H┌デ 
デｴｷゲ SﾗWゲ ﾐﾗデ ｷﾐデWヴaWヴW ┘ｷデｴ S;ｷﾉ┞ ;Iデｷ┗ｷデｷWゲくざ The GBD disability survey differentiated between those who 

experience pain and those who do not, but the calculated disability weight was the same for both forms 

of the condition, 0.007 (0.003に0.014). 
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Other Oral Disorders 
Other oral disorders encompass a wide variety of dental, tongue, and jaw disorders and malformations, 

including all oral disorders that are not included in the case definitions of permanent or deciduous 

dental caries, periodontal disease, or edentulism and severe tooth loss. All data on the prevalence of 

other oral disorders were obtained from the United States Medical Expenditure Panel Surveys (MEPS), a 

nationally representative survey conducted yearly from 1996 to 2011 by the US Agency for Healthcare 

Research and Quality. These data were modelled in DisMod-MR 2.1 using a prevalence-only model. 

Disability weights and severity distribution for these causes were also derived from MEPS. 
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Injuries 

Flowchart 

 

Case definition 

For GBD 2017, the Injuries estimation process for non-fatal health outcomes encompasses a range of 30 

causes, including transport injuries, falls, drowning, self-harm, interpersonal violence, and animal contact. 

Injury incidence is defined using ICD-9 codes E000-E999 and ICD-10 chapters V to Y. For non-fatal 

estimation, Chapters S and T in ICD-10 and codes 800-999 in ICD9 are used to estimate morbidity. Each of 

these 30 causes can result in a variety of physical injury sequelae (eg, traumatic brain injury), which we 

I;ﾉﾉ デｴW さﾐ;デ┌ヴW ﾗa ｷﾐﾃ┌ヴ┞くざ Tｴﾗ┌ｪｴ デｴW ｷnitial DisMod models are at デｴW さI;┌ゲW ﾗa ｷﾐﾃ┌ヴ┞ざ ﾉW┗Wﾉ ふWg, 

drowning), each cause of injury is broken out into cause-nature pairs. We report incidence, prevalence, 

and YLDs due to injuries at the cause-nature pair level. 

 

We make additional distinctions between inpatient and outpatient injuries and between short-term and 

long-term injuries. Inpatient injuries are defined as injuries that led to hospitalisation, whereas outpatient 

injuries are ones that were treated in outpatient settings or emergency care. We define short-term 

injuries as injuries lasting less than one year and long-term injuries as those lasting longer than one year, 

at which point we assume lifelong disability. 

Input data 

Model inputs 

 

To estimate morbidity from injuries, we used data from hospital records, emergency department records, 

insurance claims, and surveys to produce years lost to disability (YLDs) by country, year, sex, age, external 

cause of injury, and nature-of-injury category. 
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Many countries report their data using a mix of cause-of-injury and nature-of-injury codes. In order to 

retain as much of the data as possible, we included all datasets that had at least 15% of cases coded to 

the cause of injury. In GBD 2015, we chose 45% as the threshold but have since lowered the threshold to 

15%. We made this distinction after assessing the proportions of major injury causes (road injury and 

falls) in each of the data sources. We concluded that there were no obvious differences between country 

data with 15%に45% coverage of external cause codes and those with more than 45% coverage. Below the 

15% threshold, the cause of nature coding became more disproportionate when compared to sources 

with higher cause of nature coding. We assessed the raw hospital data to make sure that there was no 

disproportionate coding to certain causes in the 15%に45% cause-of-injury coding range. We increased 

the cause-specific injury cases from these datasets proportionately to sum to the total number of injury 

cases. 

 

Conflict, war and executions, and police conflict data were obtained from the Uppsala Conflict Data 

Program [1], the International Institute for Strategic Studies [2], the Armed Conflict Location and Event 

Dataset [3], the Social Conflict Analysis Database [4], and vital registration systems. Disaster data were 

obtained from the International Disaster Database from the Center for Research on the Epidemiology of 

Disasters [5].   

 

Data searches 

 

For GBD 2017, hospital and emergency department records were supplemented with more recent and 

available site-years. A hospital utilisation envelope that gave reliable denominators for hospital data 

allowed for the use of more data sources. We applied correction factors to account for repeat hospital 

visits within a three-month time window (derived from USA claims data) to the incidence estimates to 

avoid double-counting multiple health service contacts for the same injury.  

 

Additionally, prior to estimation, we reviewed other types of data that could be incorporated into non-

fatal estimates of injuries. We incorporated injury claims data from the Accident Compensation 

Corporation in New Zealand into the transport, self-harm, and animal contact incidence models. These 

claims data span ten years (2008に2017) and provide detailed information on age and ethnicity 

(Maori/non-Maori). National survey data from China, Ghana, India, Mexico, Russia, and South Africa from 

デｴW WﾗヴﾉS HW;ﾉデｴ Oヴｪ;ﾐｷ┣;デｷﾗﾐげゲ “デ┌S┞ ﾗﾐ GﾉﾗH;ﾉ AGEing and Adult Health were included in the 

estimation of injuries due to road accidents and falls. 

 

Infrequently, data points were marked as outliers. Reasons for this were that the data point did not follow 

the age or time pattern as expected and/or if the incidence rate of people sustaining an injury from a 

certain cause of injury was not plausible. Table 1 contains information about data coverage for each 

cause of injury. 

 

Table 1 Incidence data density by cause of injury 

Cause of Injury Site-years (total) 

Number of 

countries with 

data 

Number of GBD 

regions with 

data (out of 21 

regions) 

Number of GBD 

super-regions 

with data (out of 

7 super-regions) 

Road injuries 739 76 19 7 

Pedestrian road injuries by road vehicle 345 20 12 6 

Cyclist road injuries 344 20 12 6 

Motorcyclist road injuries 338 20 12 6 
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Motor vehicle road injuries 335 21 12 6 

Other road injuries 329 18 12 6 

Other transport injuries 350 20 12 6 

Falls 895 41 18 7 

Drowning 557 24 13 7 

Fire, heat, and hot substances 587 35 15 7 

Poisonings 628 33 13 7 

Poisoning by carbon monoxide 308 17 10 5 

Poisoning by other means 309 18 11 6 

Exposure to mechanical forces 628 30 14 7 

Unintentional firearm injuries 575 19 12 6 

Other exposure to mechanical forces 617 22 12 6 

Adverse effects of medical treatment 1485 45 16 7 

Animal contact 657 34 16 7 

Venomous animal contact 543 21 12 6 

Non-venomous animal contact 612 21 12 6 

Pulmonary aspiration and foreign body in airway 513 20 12 6 

Foreign body in eyes 548 19 10 4 

Foreign body in other body part 636 22 12 6 

Environmental heat and cold exposure 343 20 11 6 

Other unintentional injuries 411 21 12 6 

Self-harm 667 28 14 7 

Self-harm by firearm 307 15 9 4 

Self-harm by other specified means 327 19 11 6 

Interpersonal violence 681 36 16 7 

Assault by firearm 474 19 11 5 

Assault by sharp object 622 20 12 6 

Assault by other means 617 22 12 6 

 

Modelling strategy 

As in previous GBD iterations, two categories of injury severity were separately modelled: injuries 

warranting inpatient care and injuries warranting other health care. Injuries warranting inpatient care 

refer to injury cases of sufficient severity to require inpatient care, if there are no restrictions in access to 

health care. Injuries warranting other health care refer to injury cases of sufficient severity to require 

health care attention but not hospitalisation. This category includes emergency department visits. In 

order to best measure the burden of injuries, the GBD 2017 estimates excluded trivial injuries by 

restricting morbidity analysis to cases warranting some form of health care in a system with full access to 

health care. We intended to include cases with injuries that did not receive care in areas with restricted 

access to health care, but that would have warranted some type of health care in a system with full 

access to health care. In some surveys, after asking about recall of injuries in the past month or year, 

respondents were further probed about whether they sought care and if they did not what the reasons 

were. This allowed us to include cases who cited financial or geographic barriers as reasons for not 

seeking care. 

 

Cause-of-injury incidence 

The list of unique (ie, not counting aggregate categories like road injuries or interpersonal violence) 

cause-of-injury categories has changed from 29 to 30 for GBD 2017 following the addition of さpoisoning 

by carbon monoxideざ ;ﾐS さヮﾗｷゲﾗﾐｷﾐｪ H┞ ﾗデｴWヴ ﾏW;ﾐゲざ ;ﾐS デｴW re-specification ﾗa さ┌ﾐｷﾐデWﾐデｷﾗﾐ;ﾉ 
suffocation,ざ which now falls ┌ﾐSWヴ デｴW I;┌ゲW さヮ┌ﾉﾏﾗﾐ;ヴ┞ ;ゲヮｷヴ;デｷﾗﾐ ;ﾐS aﾗヴWｷｪﾐ HﾗS┞ ｷﾐ ;ｷヴ┘;┞ゲくざ The 

fatal discontinuities cause-of-injury categories include さcﾗﾐaﾉｷIデ ;ﾐS デWヴヴﾗヴｷゲﾏざ and さW┝ヮﾗゲ┌ヴW デﾗ aﾗヴIWゲ ﾗa 
nature, disaster.ざ We treat executions and police conflict (さstate actor violenceざ) as a typical cause of 
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injury rather than as a fatal discontinuity; however, the cause is modelled using the fatal discontinuity 

estimation strategy using incidence-to-mortality ratios because we do not have incidence data for state 

actor violence. 

 

The majority of incidence data exist at the external cause-of-injury level. Incidence for cause-of-injury 

categories was modelled using DisMod-MR 2.1. DisMod-MR 2.1 is a descriptive epidemiological meta-

regression tool that produces simultaneous estimates of disease incidence, prevalence, remission, and 

mortality. Multiple datasets from hospital and emergency/outpatient departments, insurance claims, and 

surveys were fed into these incidence models. Table 1 contains information about data coverage for each 

cause of injury. We separately estimated two categories of injury severity: inpatient and outpatient 

injuries. For GBD 2017, we used two covariates in each DisMod-MR model as a multiplier from inpatient 

デﾗ ﾗ┌デヮ;デｷWﾐデ ｷﾐIｷSWﾐIWが ﾐ;ﾏWﾉ┞ Iﾗ┗;ヴｷ;デWゲ さﾗ┌デヮ;デｷWﾐデざ and さｷﾐ- and outpatient.ざ  
 

Due to the sporadic nature of the incidence of injuries and a lack of time trend that results from fatal 

discontinuities, DisMod-MR 2.1 was not used to model incidence due to fatal discontinuities, including 

state actor violence, exposure to forces of nature (ie, natural disaster), and conflict and terrorism. 

Instead, incidence-to-mortality ratios were averaged over super-region, year, and sex to limit the 

variability in the ratios applied to fatal discontinuities. For disaster incidence, the incidence-to-mortality 

ratio was calculated as an average of road injuries and drowning if there was a water-related natural 

disaster in that specific country-year noted in the International Disaster Database [5]. For conflict and 

terrorism, the incidence-to-mortality ratio was calculated as an average of the road injuries and 

interpersonal violence causes. We treated executions and police conflict as similar to the fatal 

discontinuities in that we imputed the incidence using the incidence-to-mortality ratio of interpersonal 

violence. 

 

Follow-up studies 

Similar to GBD 2016, we used follow-up data obtained from a pooled dataset of six follow-up studies from 

China, the Netherlands, and the USA (see Table 2). These studies followed patients for at least one year 

after the injury. We also used the Medical Expenditure Panel Survey (MEPS) [6]. MEPS is a large-scale 

overlapping continuous panel survey of the USA non-institutionalised population that collects information 

on use and cost of health care and SF-12 responses. SF-12 responses are elicited twice over the two-year 

period that any individual is part of the study. Thus, MEPS offered the benefit of including health state 

measures of non-injured and destined to be injured and the benefit of having pre-injury and post-injury 

SF-12 responses. We pooled all available MEPS data over a 19-year span. 

 

The follow-up studies used different patient-reported outcome measures to assess health status, namely 

the SF-36, Version 1 SF-12, and the EQ-5D. To enable comparison across the six datasets, it was necessary 

to analyse the data in a standardised patient-reported outcome measure. First, we mapped all patient-

reported outcome measures to Version 2 SF-12 (SF-12v2). Second, we normalised the health status 

measurements by mapping the SF-12 scores to a corresponding disability weight based on several 

opportunistic surveys asking respondents to score SF-12 based on the lay descriptions for a selection of 

60 GBD health states. We ran a regression of logit-transformed disability weight on nature-of-injury 

category and age group and never-injured status. The pooled dataset informed both the nature-of-injury 

category hierarchy and the long-term probability of injuries, discussed below. 
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Table 2 Details of injury follow-up surveys used in GBD 2017 

Dataset Year Type of data 

collected 

Type of patients Setting Sample size* 

and response  

Guangdong 

follow-up survey, 

China# 

2006に

2007 

Follow-up survey 

among sample of ISS 

patients  

Patients (15+ years) who  were 

hospitalised that had been injured by 

road traffic injury, fall, or blunt or 

penetrating trauma 

Based on three national 

injury surveillance hospitals 

in Zhuhai, Guangdong 

Province in China 

998 (response 

87%) 

LIS follow-up 

survey, 

Netherlands1 

2001に

2002 

Follow-up survey 

among stratified 

sample of ISS 

patients 

(oversampling less 

common, severe 

injuries)  

Patients (15+ years) who visited the 

emergency department of a hospital 

and were discharged to the home 

environment and patients who were 

admitted to hospital  

Based on 17 public hospitals 

in the Netherlands 

8,564 (response 

37%) 

LIS follow-up 

survey, 

Netherlands2 

2007に

2008 

Follow-up survey 

among stratified 

sample of ISS 

patients 

(oversampling less 

common, severe 

injuries)  

Patients (15+ years) who visited the 

emergency department of a hospital 

and were discharged to the home 

environment and patients who were 

admitted to hospital  

Based on 15 public hospitals 

in the Netherlands 

8,057 (response 

36%) 

NSCOT に National 

study on Costs and 

Outcomes of 

Trauma, USA4 

2001に

2002 

A prospective cohort 

study was conducted 

among a sample of 

adult trauma 

patients treated at 

Level I trauma 

centers and non-

trauma center 

hospitals 

Patients treated for a moderate to 

severe injury (as defined by at least 

one injury of an Abbreviated Injury 

Scale (AIS) score of 3 or greater 

Based on 69 hospitals in 12 

states in the USA 

5,191 (response 

61%) 

SCTBIFR に South 

Carolina Traumatic 

Brain injury 

Follow-up 

Registry, USA5 

1999に

2002 

A prospective cohort 

study was conducted 

among injured 

inpatients with a 

traumatic brain 

injury-related injury 

Patients (15+ years) who were 

admitted to hospitals and met the 

CDC case definition of TBI に trauma to 

the head associated with altered 

consciousness, amnesia, neurological 

abnormalities, skull fracture, 

intracranial lesion, or death 

Discharged from all non-

federal in-state acute care 

hospitals 

7,613 (response 

28%) 
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Dataset Year Type of data 

collected 

Type of patients Setting Sample size* 

and response  

Burns outcome 

study, 

Netherlands6 

2003に
2006 

A multicenter 

prospective cohort 

was conducted 

among adult 

(severe) burn 

patients  

Injury patients who sustained severe 

burns 

Three public hospitals with 

specialised burn units.   

311 (response 

78%) 

*number of patients that met the inclusion criteria; response rate = percentage of patients who responded to the follow-up survey (in case of multiple follow-up times the response rate of the 

first follow-up moment is reported). 

# data from CDC China, jointly analysed by study authors from IHME and China CDC 

 

Nature-of-injury category hierarchy 

Multiple injuries can occur in one individual. For GBD 2017, a nature-of-injuries severity hierarchy was 

developed to establish a one-to-one relationship between cause-of-injury and nature-of-injury category. 

This means that in the case of multiple injuries the nature-of-injury category that was likely to be 

responsible for the largest burden was selected. To construct the hierarchy, we used data from the 

pooled dataset of follow-up studies. The output of the regression of logit-transformed disability weight on 

nature-of-injury category and individual characteristics of the follow-up studies were used to calculate 

the mean long-term disability attributable to each nature-of-injury category. The ranking of nature-of-

injury categories by their long-term disability weights formed the basis of our severity hierarchy. 

Hierarchies were developed separately for injuries warranting inpatient care and injuries warranting 

other health care. 

 

Table 3 Nature-of-injury hierarchies: combination of empirical hierarchies estimated from pooled follow-

up studies and expert adjustments, for inpatient and outpatient injuries 

Rank Inpatient hierarchy Outpatient hierarchy 

1 Spinal cord lesion below neck level Fracture of pelvis 

2 Amputation of lower limbs, bilateral Fracture of patella, tibia, or fibula, or ankle 

3 Amputation of upper limbs, bilateral Fracture of hip 

4 Spinal cord lesion at neck level Fracture of skull 

5 Fracture of hip Amputation of thumb 

6 Fracture of femur, other than femoral neck Fracture of vertebral column 

7 Amputation of upper limb, unilateral Multiple fractures, dislocations, crashes, wounds, 

sprains, and strains 

8 Amputation of lower limb, unilateral Internal haemorrhage in abdomen and pelvis 

9 Multiple fractures, dislocations, crashes, wounds, sprains, 

and strains 

Fracture of femur, other than femoral neck 

 Effect of different environmental factors Dislocation of hip 

 Fracture of patella, tibia, or fibula, or ankle Amputation of toe/toes 

 Moderate-severe traumatic brain injury Fracture of hand (wrist and other distal part of hand) 

 Fracture of foot bones except ankle Amputation of fingers (excluding thumb) 

 Internal haemorrhage in abdomen and pelvis Burns, <20% of total burned surface area without 

lower airway burns 

 Crush injury Dislocation of knee 

 Minor traumatic brain injury Contusion in any part of the body 
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 Fracture of pelvis Minor traumatic brain injury 

 Nerve injury Foreign body in respiratory system 

 Severe chest injury Severe chest injury 

 Dislocation of hip Drowning and non-fatal submersion 

 Burns, >= 20% total burned surface area or >= 10% burned 

surface are if head/neck or hands/wrist involved w/o lower 

airway burns 

Asphyxiation 

 Lower airway burns Poisoning requiring urgent care 

 Fracture of skull Effect of different environmental factors 

 Amputation of thumb Foreign body in GI and urogenital system 

 Fracture of hand (wrist and other distal part of hand) Fracture of sternum and/or fracture of one or more 

ribs 

 Fracture of vertebral column Nerve injury 

 Contusion in any part of the body Fracture of face bones 

 Open wound(s) Dislocation of shoulder 

 Amputation of toe/toes Injury to eyes 

 Dislocation of knee Fracture of clavicle, scapula, or humerus 

 Amputation of fingers (excluding thumb) Fracture of radius and/or ulna 

 Drowning and non-fatal submersion Fracture of foot bones except ankle 

 Asphyxiation Foreign body in ear 

 Burns, <20% total burned surface area without lower 

airway burns 

Muscle and tendon injuries, including sprains and 

strains lesser dislocations 

 Muscle and tendon injuries, including sprains and strains 

lesser dislocations 

Superficial injury of any part of the body 

 Fracture of face bones Open wound(s) 

 Foreign body in respiratory system Complications following therapeutic procedures 

 Poisoning requiring urgent care  

 Foreign body in GI and urogenital system  

 Fracture of sternum and/or fracture of one or more ribs  

 Dislocation of shoulder  

 Injury to eyes  

 Fracture of clavicle, scapula, or humerus  

 Fracture of radius and/or ulna  

 Foreign body in ear  

 Superficial injury of any part of the body  

 Complications following therapeutic procedures  

 

Cause-nature matrices 

Because injury disability is linked more to the nature of injury than to the cause of injury, matrices were 

generated to map the proportion of each cause-of-injury category that results in a particular nature-of-

injury category. These matrices are based on a collection of dual-coded (ie, both cause-of-injury and 

nature-of-injury coded) hospital and emergency department datasets. The data for this step came from 

inpatient, outpatient, and emergency room discharge data from Argentina, Bulgaria, China, Colombia, 

Cyprus, Czech Republic, Denmark, Egypt, Estonia, Hungary, Iceland, Iran, Italy, Latvia, Malta, Mauritius, 

Mexico, Mozambique, Netherlands, Norway, Portugal, Slovenia, Spain, Sweden, Macedonia, Uganda, 

United States, and Zambia. We applied our nature-of-injury severity hierarchy above to assert that every 

observation had one cause of injury and one nature of injury. 
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Dirichlet models were used to estimate all of the nature-of-injury category proportions for one cause of 

injury simultaneously. These models allow for consistent borrowing of information across age, sex, 

inpatient/outpatient, and high/low-income countries and assert that the nature-of-injury proportions 

within a cause-of-injury category must add up to 1. One cause-nature matrix was created for each 

combination of injury warranting hospital admission versus injury warranting other health care, high/low-

income countries, male/female, and age category. Applying these matrices to our cause-of-injury 

incidence from DisMod-MR, we produced cases of injury warranting hospital admission and incidence of 

injury warranting other health care by cause and nature of injury. 

 

Probability of permanent health loss 

Disability due to injury was assumed to affect all cases in the short term with a proportion having long-

term (permanent) outcomes. The probability of long-term outcomes was needed to estimate the 

incidence and subsequently the prevalence of cases with permanent health loss. In our conceptual 

model, individuals who suffer a non-fatal injury will, in the long term, return to either full or partial health. 

If one-year post-injury patients return to a health status with more disability than their pre-injury health 

status, injury patients are assumed to have permanent disability from their injury. The difference 

between the pre-injury health states and health status one year after injury is assumed to be their 

permanent level of injury-related disability. We assessed the probability of developing permanent health 

loss using the pooled dataset of follow-up studies and the MEPS that were also used to generate the 

nature-of-injury hierarchy. To assess the probability of permanent health loss, we estimated the effects 

using a logit-linear mixed effects regression: 

 詣剣訣件建岫経激岻沈陳 噺  糠 髪  紅岫件券倹憲堅件結嫌沈陳岻 髪 紅岫券結懸結堅 件券倹憲堅結穴沈岻 髪 紅岫券結懸結堅 件券倹憲堅結穴沈 茅 欠訣結沈岻髪 紅岫血堅欠潔建憲堅結 剣血 喧結健懸件嫌沈岻 髪 紅岫血堅欠潔建憲堅結 剣血 喧結健懸件嫌沈 茅 欠訣結沈岻 髪 紅岫喧剣件嫌剣券件券訣沈 茅 欠訣結沈岻髪 紅岫兼剣穴結堅欠建結 建剣 嫌結懸結堅結 劇稽荊沈 茅 欠訣結沈岻 髪 迎継頂 髪 迎継沈   
 

where we included dummies for all the nature-of-injury categories 岫件券倹憲堅件結嫌沈陳岻, with the reference 

category being no injury (from MEPS dataset). We also included a dummy for never injured prior to the 

current injury, age, interactions between age and never-injured status, and interactions with three long-

term nature-of-injury categories that were found to significantly vary with age: pelvis fractures, 

poisonings, and moderate/severe traumatic brain injuries. In notation, subscript 兼 refers to patient-

reported outcome measure, 件 refers to individual, and 潔 refers to country. Random effects (RE) were 

included to control for variation between countries and individuals.  

 

After predicting overall disability at one-year follow-up, we estimated a counterfactual by setting all 

ﾗHゲWヴ┗;デｷﾗﾐゲ デﾗ さﾐﾗ ｷﾐﾃ┌ヴ┞がざ デｴW ヴWaWヴWﾐIW ｪヴﾗ┌ヮ aﾗヴ 紅岫件券倹憲堅件結嫌沈陳岻 in our model. The disability 

attributable to the nature of injury at one year was assumed to be the difference between our 

counterfactual of no injury and predicted disability with injury. The probability of treated long-term 

outcomes was estimated via the ratio of this attributable disability relative to the long-term disability 

weight for that injury. 

 鶏堅剣決欠決件健件建検 剣血 健剣券訣 伐 建結堅兼 穴件嫌欠決件健件建検 噺  拳件建月 件券倹憲堅検 穴件嫌欠決件健件建検沈陳 伐 潔剣憲券建結堅血欠潔建憲欠健 穴件嫌欠決件健件建検沈陳経激陳  

 

We developed estimates of the probability of permanent health loss by nature-of-injury category, injury 

severity level (injuries warranting inpatient admission and injuries warranting other health care), and age. 
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These probabilities are shown in Figure 1 for three selected age groups (25-30, 50-55, 75-80) and 

selected nature-of-injury categories by inpatient and outpatient. Moderate-severe TBI and spinal cord 

lesions only have inpatient injury long-term probabilities, and nerve injury, open wounds, and severe 

chest injury have long-term probabilities of zero for outpatient cases. 

 

Figure 1. Long-term probabilities derived from the MEPS data for selected nature of injuries and age 

groups 

 

Disability associated with treated and untreated cases 

For many nature-of-injury categories, GBD 2017 has a separate disability weight for treated and 

untreated cases. To estimate the percent treated for injuries in a given location-year, we used the 

Healthcare Access and Quality (HAQ) Index with the same strategy described for the probability of 

permanent health loss. We chose a reasonable cutoff for the HAQ Index (75 on a scale of 0に100) as the 

threshold at and above which 100% of injuries were treated. This value captured most OECD countries for 

all years back to 1980. We then scaled all remaining location-years between 10% and 100% treated based 

on their HAQ Index value and used that as the percent treated in a given location-year. This was done at 

the draw level to propagate uncertainty. We made the decision to ignore any long-term disability from 

injuries with implausibly high estimates of long-term disability. 

 

Duration of short-term health loss 

To determine the duration for treated cases of short-term injury, we analysed patient responses from 

two Dutch Injury Surveillance System follow-up studies conducted from 2001に2003 and 2007に2009 [7]. 

These studies collected data at 2.5, 5, 9, and 12 months post-injury to determine whether injury patients 

were still experiencing problems due to their injury. If not, the patients were asked how many days they 

had experienced problems. The injury patients that still reported having problems one year after the 

Inpatient 

Outpatient 
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injury were assumed to be captured in our analysis of permanent disability. The duration for treated 

cases of short-term injury was estimated for injuries warranting inpatient admission and injuries 

warranting other health care separately. The estimates were supplemented by expert-driven estimates of 

short-term duration for nature-of-injury categories that did not appear in the Dutch dataset and 

untreated injuries. 

 

Calculation of prevalence from incidence data に short-term injury 

For short-term injury outcomes, which were assumed to be less than one year in duration, the prevalence 

for each cause-of-injury/nature-of-injury/severity-level grouping was approximated by the incidence for 

that grouping multiplied by the associated nature-of-injury/severity-level-specific duration.  

 

Calculation of prevalence from incidence data に permanent health loss 

For permanent health loss, we assumed no remission and thus integrated incidence over time to arrive at 

prevalence estimates. We used DisMod ODE (ie, the さengineざ of DisMod-MR 2.1) to carry out this 

integration for each combination of cause of injury and nature of injury by country, year, and sex. For this 

step we used random effects meta-analysis to pool data on standardised mortality ratios derived from 

literature reviews for spinal cord injury, burns covering more than 20% of the body, moderate to severe 

traumatic brain injury, hip fracture, and multiple significant injuries. Here we include examples of these 

meta-analyses: hip fractures and traumatic brain injuries. 

 

Figure 2. Meta-analyses of standardised mortality ratios derived from literature reviews: hip fractures and 

traumatic brain injury 
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   2.16  (  2.09,  2.23)      7.67

   2.19  (  2.13,  2.25)     11.81

   2.20  (  1.60,  3.00)      0.08

   2.32  (  2.27,  2.37)     17.82

   2.46  (  2.42,  2.50)     35.43

   2.52  (  2.43,  2.63)      4.88

   2.57  (  2.22,  2.97)    100.00

   2.94  (  2.79,  3.11)      2.63

   3.04  (  2.95,  3.12)     10.11

   3.13  (  2.66,  3.56)      0.36

   3.73  (  3.43,  4.06)      1.11

   3.97  (  3.82,  4.14)      4.71

   4.90  (  4.56,  5.25)      1.56

   5.93  (  4.91,  7.02)      0.24

   6.02  (  5.37,  6.69)      0.65

   7.42  (  6.17,  8.65)      0.27

   7.52  (  5.69,  9.52)      0.12

   9.14  (  6.62, 11.80)      0.09
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For all other nature-of-injury categories, we assumed no long-term excess mortality. For the incidence 

estimates derived from fatal discontinuities に さW┝ヮﾗゲ┌ヴW デﾗ aﾗヴIWゲ ﾗa ﾐ;デ┌ヴWざ ;ﾐS さIﾗﾐaﾉｷIデ ;ﾐS デWヴヴﾗヴｷゲﾏざ 
に we did not use DisMod, as discontinuities by definition violate the assumption of a steady state in 

DisMod to estimate prevalence from incidence. For these two cause-of-injury categories, we coded the 

differential equations from DisMod ODE that determine the relationship between incidence, remission, 

mortality risk, and prevalence into Python and streamed out the prevalence from the incidence in the 

years of war or disaster by integrating over one year at a time. 

No significant changes were made to the injuries modelling process for GBD 2017. 
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Case definition 

For the sexual violence cause, we estimate the yearly prevalence of sexual violence, ie, the proportion of 

the population that experienced at least one event of sexual violence in the last year. We define sexual 

violence as any sexual assault, including both penetrative sexual violence (rape) and non-penetrative 

sexual violence (other forms of unwanted sexual touching). 

Input data 

 Model inputs 

The majority of the data for sexual violence comes from various health and demographic surveys. We 

include many Demographic and Health Surveys (DHS) and Reproductive Health Surveys (RHS). Other 

survey series include the USA Behavioral Risk Factor Surveillance Survey (BRFSS) and the British Crime 

Surveys. For GBD 2017, we added survey data from Australia, Botswana, China, England, and South Africa. 

The China Health and Family Life Survey from 1999に2000 asks about lifetime prevalence of sexual assault; 

ｴﾗ┘W┗Wヴが ┘W ┘WヴW ;HﾉW デﾗ W┝デヴ;Iデ ┞W;ヴﾉ┞ ヮヴW┗;ﾉWﾐIW H┞ ヮ;ｷヴｷﾐｪ ; ヴWゲヮﾗﾐSWﾐデげゲ I┌ヴヴWﾐデ ;ｪW ┘ｷデｴ デｴW 
reported age of when the sexual assault occurred. Table 1 contains information about our input data for 

the sexual violence modelling process. Table 2 provides more information about data coverage in the 

seven Global Burden of Disease super-regions. 

Table 1. Data inputs for sexual violence modelling 

 Prevalence 

Site-years (total) 263 

Number of countries with data 93 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 

super-regions) 
7 
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Table 2. Unique location-sources for data on sexual violence yearly prevalence used in the DisMod model 

by Global Burden of Disease super-region 

Super-region name Unique number of sources 

Southeast Asia, East Asia, and Oceania 11 

Central Europe, Eastern Europe, and Central Asia 23 

High-income 57 

Latin America and Caribbean 26 

North Africa and Middle East 7 

South Asia 91 

Sub-Saharan Africa 48 

 

Many other non-survey data sources exist for sexual violence. We explored the use of the United Nations 

Office on Drugs and Crime (UNODC) Statistics [1] that covers a wide range of geographies from 2003 to 

2014. However, these estimates are based only on police reports, and their incidence is about 20 times 

lower than the incidence seen in the same location-years from survey data. Although we could include a 

covariate in our models to adjust for this underreporting, we deemed the source unusable because of the 

magnitude of the difference between the police reports and survey data. Survey data typically range 

between 1% and 10% of individuals experiencing sexual violence in the last year. Figure 1 shows the 

incidence estimates from the UNODC data, where most of the estimates are below about 0.05%. The 

geographic pattern is the opposite of what we see in survey data, with higher-income countries having 

higher estimates in the UNODC data. Additionally, the reports were not age-sex-specific, and the 

definition for what constitutes sexual violence varies across countries. 

 

Figure 1 United Nations Office of Drugs and Crime Statistics: estimates of sexual violence (incidence per 

person), color by Global Burden of Disease super-regions 
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We also chose not to include the Centers for Disease Control non-fatal injury reports of sexual violence. 

Although this data source includes age- and sex-specific estimates for sexual violence in the United 

States, only sexual violence cases which resulted in physical injury are reported. These estimates are also 

systematically lower than the survey data, to the degree that any adjustment with covariates would be 

unreliable. Lastly, we excluded a source from the United States Federal Bureau of Investigation: The 

Uniform Crime Reporting (UCR) program. The FBI estimates are produced at the state level for the United 

States and are meant to be comparable across states. However, police report data for sexual violence are 

systematically lower, similar in magnitude to the UNODC data, so we chose to exclude them. 

Data searches 

To find large data sources for sexual violence, we searched through the Global Health Data Exchange 

(GHDx) to identify survey series with relevant questions and reviewed surveys that were being used for 

intimate partner violence (IPV) already. We identified 107 sources with relevant data that were being 

used for IPV and 33 additional surveys with sexual violence questions. We excluded sources that only 

asked about lifetime prevalence of sexual violence because our case definition is specific to the past year. 

We extracted data on the perpetrator of sexual violence where possible (partner versus non-partner). 

We completed a systematic review in PubMed to identify additional sources. We identified 415 sources 

and excluded 314 based on title/abstract screening. Of the 111 sources remaining after title/abstract 

screening, 84 did not have usable data, were of non-representative samples, or referenced data that 

were already being captured from the GHDx. Samples were non-representative if they were only taken 

among high-risk populations (war-afflicted, sex workers, intravenous drug users, etc.), sexually abused 

individuals, or women suffering intimate partner violence. We also excluded studies that only asked 

about sexual violence in the context of alcohol. After full-text screening, 18 sources remained, only two of 

which had yearly recall prevalence. 

 

Modelling strategy 

Prevalence of sexual violence 

To produce estimates of the yearly prevalence of sexual violence, we used DisMod-MR 2.1. DisMod-MR 

2.1 is a descriptive epidemiological meta-regression tool that uses the integrative systems modelling 

approach to produce simultaneous estimates of disease incidence, prevalence, remission, and mortality. 

To preserve variation between male- and female-specific estimates, we have separate models for men 

and women. 

 

We make various assumptions within DisMod-MR 2.1, including no excess mortality due to sexual 

violence and no incidence between 0に2 and 98に100 years of age. Because of the different ways that 

questions about sexual violence in the last year can be asked, we include multiple study-level covariates 

(for coefficient estimates, see Table 3). We bounded the covariates at logical values to minimise the 

effect of collinearity between the covariates, ie, we expect studies that ask about penetrative sexual 

violence only to have lower estimates of sexual violence overall, so that covariate has an upper bound of 

1. 
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Table 3 Study- and country-level covariates for DisMod-MR 2.1 yearly recall prevalence models for sexual 

violence  

Covariate Covariate Bounds Exponentiated Value 

Study-level covariates   

Physically forced sexual violence only Upper: 1 0.94 (0.82に1.00) 

Ever-partnered people only None 1.68 (1.25に2.48) 

Ever-married people only None 2.73 (1.89に4.23) 

Specifies specifically degrading or 

humiliating sex acts 

Upper: 1 0.91 (0.70に1.00) 

Ever had sex None 1.40 (1.20に1.63) 

Ever married or lived with a partner None 2.10 (1.63に2.87) 

Does not include coerced or feared sex 

in definition 

Upper: 1 0.94 (0.85に1.00) 

Penetrative sexual violence only Upper: 1 0.80 (0.68に0.95) 

Does not include non-partner non-

penetrative 

Upper: 1 0.99 (0.95に1.00) 

Only includes partner sexual violence Upper: 1 0.84 (0.61に0.99) 

Includes attempted sexual violence Lower: 1 1.35 (1.02に1.96) 

Country-level covariates   

Alcohol (litres per capita)  1.11 (1.08に1.13) 

 

Years lived with disability (YLDs) due to sexual violence 

To calculate the years lived with disability (YLDs) due to having experienced sexual violence in the past 

year, we utilised claims data from the United States from the years 2000, 2010, and 2012 to assess sexual 

violence sequelae. We searched through the claims database for the following ICD9 diagnosis codes: 

995.53 (child sexual abuse), 995.83 (adult sexual abuse), and E960.1 (rape). We considered sequelae 

relating to both physical injuries and mental health consequences, in the short-term. 

 

In this process of calculating of years lived with disability due to sexual violence, we currently measure 

only the short-term physical and psychological effects of sexual violence. In future GBD iterations, we 

plan to include sexual violence as a risk factor including both sexual violence in the last year and lifetime 

exposure to sexual violence (independent from, and in interaction with, intimate partner violence) in 

order to capture the long-term mental health consequences of sexual violence. 

 

Physical injury 

For the physical injury sequelae, we looked for any nature-of-injury ICD9 code on the same date of 

contact with medical service providers for a sexual violence ICD9 code (above) and categorised the 

nature-of-injury codes as we do for the general injuries non-fatal modelling process (see appendix: 

nonfatal injuries). We calculate the proportion of individuals with any sexual violence code that result in 

each of the physical injuries categories. This strategy is similar to the strategy that we use for the cause-

nature of injury matrices in the general injuries modelling process, but we have an additional category for 

no physical injury result as the majority of sexual violence incidents do not result in physical injury in the 

claims database. Additionally, because we only have one data source, we do not model these proportions 

with Dirichlet regression like we do for the injuries cause-nature of injury matrices but just compute them 
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directly from the claims data. To estimate the physical injuries component of YLDs, we multiply the 

DisMod estimates of yearly prevalence of sexual violence by these proportions and then multiply by each 

ヮｴ┞ゲｷI;ﾉ ｷﾐﾃ┌ヴｷWゲげ ヴWゲヮWIデｷ┗W short-term duration and disability weight that we use in the general injuries 

process (see appendix: non-fatal injuries). 

Acute anxiety and/or reaction to stress 

For the mental and psychological sequelae of sexual violence, we searched an individual being coded to 

any of the following ICD9 codes at any point after a sexual violence incident was noted. The codes are 

ﾏW;ﾐデ デﾗ ヴWaﾉWIデ IﾗﾐSｷデｷﾗﾐゲ ヴWﾉ;デｷﾐｪ デﾗ ;ﾐ さ;I┌デW anxiety and/or reaction to stressざ condition following a 

traumatic incident, displayed in Table 4. 

 

Table 4 ICD9 codes included in the さ;I┌デW ;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ IﾗﾐSｷデｷﾗﾐ ;s a sequela for 

sexual violence 

ICD9 code Condition description 

308 Acute reaction to stress  

308 Predominant disturbance of emotions 

308.1 Predominant disturbance of consciousness 

308.2 Predominant psychomotor disturbance 

308.3 Other acute reactions to stress 

308.4 Mixed disorders as reaction to stress 

308.9 Unspecified acute reaction to stress 

309 Adjustment reaction  

309 Adjustment disorder with depressed mood 

309.1 Prolonged depressive reaction 

309.2 Adjustment reaction with predominant disturbance of other emotions 

309.21 Separation anxiety disorder 

309.22 Emancipation disorder of adolescence and early adult life 

309.23 Specific academic or work inhibition 

309.24 Adjustment disorder with anxiety 

309.28 Adjustment disorder with mixed anxiety and depressed mood 

309.29 Other adjustment reactions with predominant disturbance of other emotions 

309.3 Adjustment disorder with disturbance of conduct 

309.4 Adjustment disorder with mixed disturbance of emotions and conduct 

309.8 Other specified adjustment reactions 

309.81 Posttraumatic stress disorder 

309.82 Adjustment reaction with physical symptoms 

309.83 Adjustment reaction with withdrawal 

309.89 Other specified adjustment reactions 

309.9 Unspecified adjustment reaction 
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It is possible that the appearance of one of these ICD9 codes is entirely unrelated to the sexual violence 

incident. Additionally, the appearance of one of these codes could be related instead to underlying 

depression and anxiety. To control for these confounding factors, we also searched for these ICD9 codes 

among individuals that were not victims of sexual violence in the past year. We used Poisson regression 

with robust standard errors to model the rel;デｷ┗W ヴｷゲﾆ ﾗa デｴW さ;I┌デW ;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ 
comparing individuals with and without sexual violence within the year, controlling for underlying 

diagnoses of depression and anxiety: log岫膏岻 噺  紅待 髪 紅怠岫嫌結捲憲欠健 懸件剣健結券潔結岻 髪  紅態岫穴結喧堅結嫌嫌件剣券岻 髪  紅戴岫欠券捲件結建検岻 髪  紅替岫血結兼欠健結岻 髪 紅泰岫欠訣結岻 

where 膏 ｷゲ デｴW ヴｷゲﾆ ﾗa さ;I┌デW ;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲ,ざ ;ﾐS 結庭迭 ｷゲ デｴW ヴWﾉ;デｷ┗W ヴｷゲﾆ ﾗa さ;I┌デW 
;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ Iﾗﾏヮ;ヴｷﾐｪ デｴﾗゲW W┝ヮWヴｷWﾐIｷﾐｪ ;デ ﾉW;ゲデ ﾗﾐW ゲW┝┌;ﾉ ┗ｷﾗﾉWﾐIW ｷﾐIｷSWﾐデ デﾗ 
those with no sexual violence incidence, holding underlying depression, anxiety, sex, and age constant. 

We can approximate the ヴｷゲﾆ ﾗa さ;I┌デW ;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ aﾗヴ W;Iｴ ;ｪW ;ﾐS ゲW┝ 

experiencing sexual violence by: 膏銚直勅┸鎚勅掴 噺  結庭迭 茅  岫結庭轍 茅 結鎚勅掴茅庭填袋銚直勅茅庭天岻 伐 岫結庭轍 茅 結鎚勅掴茅庭填袋銚直勅茅庭天岻 

The claims data had n = 70,6707,63 observations (n = 8,331 sexual violence cases). Using the equation 

above, the transformed coefficients and transformed robust standard errors (transformations were 

performed with the Delta method) are shown in Table 5. 

 

Table Eゲデｷﾏ;デWゲ ﾗa デｴW ヴｷゲﾆ ﾗa さ;I┌デW ;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ 岫膏銚直勅┸鎚勅掴岻 among people 

experiencing sexual violence over a year time-period, specific to age and sex 

Age Male Female 

 Estimate Standard error Estimate Standard error 

0-4 0.0967 0.0023 0.1205 0.0028 

5-9 0.0933 0.0021 0.1162 0.0027 

10-14 0.0899 0.0021 0.1120 0.0026 

15-19 0.0867 0.0020 0.1080 0.0025 

20-24 0.0836 0.0020 0.1042 0.0024 

25-29 0.0806 0.0019 0.1004 0.0024 

30-34 0.0777 0.0018 0.0968 0.0023 

35-39 0.0749 0.0018 0.0934 0.0022 

40-44 0.0722 0.0017 0.0900 0.0021 

45-49 0.0697 0.0016 0.0868 0.0020 

50-54 0.0672 0.0016 0.0837 0.0020 

55-59 0.0648 0.0015 0.0807 0.0019 

60-64 0.0624 0.0015 0.0778 0.0018 

65-69 0.0602 0.0014 0.0750 0.0018 

70-74 0.0581 0.0014 0.0723 0.0017 

75-79 0.0560 0.0013 0.0697 0.0016 

80-84 0.0540 0.0013 0.0672 0.0016 

85-89 0.0520 0.0012 0.0648 0.0015 
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90-94 0.0502 0.0012 0.0625 0.0015 

95-99 0.0484 0.0011 0.0603 0.0014 

 

We multiplied the prevalence of yearly sexual violence by 膏銚直勅┸鎚勅掴 デﾗ ｪWデ デｴW ヮヴW┗;ﾉWﾐIW ﾗa さ;I┌デW ;ﾐ┝ｷWデ┞ 
;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ S┌W W┝Iﾉ┌ゲｷ┗Wﾉ┞ デﾗ ゲW┝┌;ﾉ ┗ｷﾗﾉWﾐIWく Tﾗ Wゲデｷﾏ;デW YLDゲ aﾗヴ デｴｷゲ ゲW┝┌;ﾉ ┗ｷﾗﾉWﾐIW 
sequela, we used the average of the disability weights for mild depression and anxiety. For simplicity, we 

assume a duration of one year; thus, the YLDs for the mental and psychological stress component of 

ゲW┝┌;ﾉ ┗ｷﾗﾉWﾐIW ｷゲ デｴW ヮヴﾗS┌Iデ ﾗa デｴW ヴWゲｷS┌;ﾉ ヮヴﾗH;Hｷﾉｷデ┞ ﾗa さ;I┌デW ;ﾐ┝ｷWデ┞ ;ﾐSっﾗヴ ヴW;Iデｷﾗﾐ デﾗ ゲデヴWゲゲざ ;ﾐS 
the disability weight.  

Due to data limitations, we are currently unable to capture the long-term disability from sexual violence. 

However, in future GBD iterations, we plan to address this issue. 
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aemia Impairment  
 

Flowchart 

 

 

 

Input data and methodological summary 

Case definition 

The prevalence of anaemia is defined by the following WHO thresholds for haemoglobin in g/L. 

Severity definitions used  calculate GBD  aemia envelope 

 
Severity  aemia 

Mild Moderate Severe 

Age 1 month 

Males 

Females 

130 - 149 g/L 

130 - 149 g/L 

90 - 129 g/L 

90 - 129 g/L 

< 90 g/L 

< 90 g/L 

Age 1 month - 4 years 

Males 

Females 

100 - 109 g/L 

100 - 109 g/L 

70 - 99 g/L 

70 - 99 g/L 

< 70 g/L 

< 70 g/L 

Age に 14 years 

Males 

Females 

110 - 114 g/L 

110 - 114 g/L 

70 - 99 g/L 

70 - 99 g/L 

< 70 g/L 

< 70 g/L 
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Age 1  years   

Males 

Females, non-pregnant  

Females, pregnant 

110 に 129 g/L 

110 - 119 g/L 

100 に 109 g/L 

80 - 109 g/L 

80 - 109 g/L 

70 - 99 g/L 

< 80 g/L 

< 80 g/L 

< 70 g/L 

Input data 

Model inputs 

The envelope approach to the anaemia impairment utilises data from a variety of sources. Population-

based surveys of haemoglobin concentration were the primary input to our analytic dataset. Examples 

include the Demographic and Health Survey (DHS) and Multiple Indicator Cluster Survey (MICS) series, 

along with other national and subnational surveys that completed haemoglobin testing. We 

supplemented with pertinent sources downloaded from the WHO Vitamin and Mineral Nutrition 

Information System (VMNIS) available at http://www.who.int/vmnis/database/anaemia/countries/en/. A 

full source list is available elsewhere in this appendix. Most used a HemoCue test, adjusted for altitude, 

and excluded those with terminal or acute medical conditions.  Inclusion, exclusion, and diagnostic criteria 

for other studies were similar and can be found in each study. Any data that were presented as both 

sexes combined or an age range encompassing more than one GBD age group were split by age and/or 

sex prior to modelling. 

Data availability 

 

Hemoglobin Mean Hemoglobin 

Standard Deviation  

Site-years (total) 1070 858 

Number of countries with data 118 99 

Number of GBD regions with data (out of 21 

regions) 21 21 

Number of GBD super-regions with data (out of 7 

super-regions) 7 7 

 

Modelling strategy 

Anaemia Impairment Envelope 

1) Estimation of population mean and standard deviation of haemoglobin  

 

We ran two ST-GPR models に one for mean haemoglobin and one for standard deviation of haemoglobin. 

In both models, we included fixed effects on underweight (proportion of children under 5 <2SD weight for 

age), and Socio-demographic Index (SDI). Mean haemoglobin was used as a fixed effect in the standard 

deviation model. The models were run with the following parameters: 

 Haemoglobin Haemoglobin  SD 

predict_re 0 0 

custom_hyperparameters 1 0 

density_cutoffs 5,10,15  
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st_lambdaa 2,2,1.5,1  
st_omega 2,2,2,2  

st_zeta .7,.8,.9,.99  
gpr_scale 15,15,15,10  

amp_factor 1 1 

level_4_to_3_agg 6, 130, 163, 179, 180 6, 130, 163, 179, 180 

level_5_to_4_agg 6, 163, 180 6, 163, 180 

add_nsv 1 1 

 

2) Estimation of prevalence of anaemia by severity  

 

We modelled the full distribution of haemoglobin for each population (location/age/year/sex), from 

which we applied the WHO thresholds to calculate prevalence of each severity of anaemia. In GBD 2015, 

a Weibull distribution was fit using shape and scale parameters estimated from mean haemoglobin. For 

GBD 2017, as with GBD 2016, we combine multiple two-parameter distributions to create a more precise 

and unbiased ensemble distribution.  

First, we created a training and testing set of individual-level haemoglobin measurements. The training 

set consisted of 90 DHS surveys, providing 290 group-specific samples of microdata from children <5, 

males 15-45, pregnant females 15-45, and non-pregnant females 15-45 (not all groups were sampled in 

each DHS). A set of two-parameter distributions (gamma, mirror gamma, Weibull, mirror lognormal, and 

mirror gumbel) were fit to the sampleげゲ ｴaemoglobin mean and variance. These distributions were 

combined using weights optimised by a loss function of severity-specific prediction error weighted by the 

ratio of the ゲW┗Wヴｷデ┞げゲ Sｷゲ;Hｷﾉｷデ┞ weight (DW) to mild anaemia DW. Weights were constrained to be 

positive and sum to 1, so that the resultant ensemble distribution is a proper probability density function. 

All permutations of the five distributions were tested (ie, we optimised weights for both a mix of all five 

distributions as well as a gamma-Weibull two-way combination).  

 The loss function is  

布 布 津乳
珍退怠 布 堅珍】喧沈珍賃 伐 喧┏沈珍賃】 津入

賃退怠
津日

沈退怠  

 Where  

喧┏沈珍賃 噺  布 拳佃津年
佃退怠 豹 鶏経繋沈珍佃痛態乳入痛怠乳入   

 ni is a list of surveys (in either the training or testing set) 

nj is the list of groups: children <5, males 15-45, pregnant females 15-45, non-pregnant 

females 15-45, males >45, and females >45 

nk is the list of severities (mild, moderate, severe) 
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nz is the list of distributions (gamma, mirror gamma, Weibull, mirror lognormal, and 

mirror gumbel) 

 r is the ratio of the severity j disability weight to that of mild anaemia 

rk = 13 for moderate and rk = 40 for severe  

 PDF is a probability density function fit to the sample mean and variance 

t1 and t2 are the lower and upper bounds to the WHO anaemia definition for the group 

 w  is the set of distribution weights (each constrained to be positive) such that 

   デ 拳佃津年佃退怠 噺 な  and all wz > 0  

Therefore デ 拳佃 茅 鶏経繋佃津年佃退怠  describes the ensemble probability density function 

that can be integrated to calculate prevalence for any severity  

 

The testing set consisted of nine NHANES and nine DHS surveys not included in the training data. 

Inclusion of NHANES as half the testing set ensured out of sample predictive validity by challenging the 

global weights, as it provided the ensemble distribution with high-income data (DHS is from LMIC 

countries) and data from adults >45 (DHS did not take blood tests from the elderly). We selected the 

combination of distributions (including all individual component distributions) that minimised the loss 

function.  

With a set of component distributions and global weights, we then modelled the distribution of 

haemoglobin in each location/year/age/sex by fitting each component distribution using modelled mean 

and standard deviation, then weighting to create the ensemble distribution デ 拳佃 茅 鶏経繋佃津年佃退怠 . We 

integrated area under the curve for each group-specific WHO threshold to calculate prevalence of 

anaemia by severity.  

Because anaemia thresholds depend on pregnancy, we separately modelled the distribution of pregnant 

and non-pregnant females. The method for fitting the ensemble distribution to pregnant women was 

identical to that of non-pregnant but used the mean and variance from the two DisMod models adjusted 

by the estimated beta on the pregnancy status fixed effect. The prevalence of anaemia in pregnant and 

non-pregnant women were weighted by the pregnancy rate and combined to estimate population 

prevalence of anaemia. The pregnancy rate for each age is estimated as  喧堅結訣券欠券潔検 噺   岫畦鯨繋迎 髪 鯨稽岻 茅 ねは【のに 

Where  

 ASFR is the location- and age-specific fertility rate 

 SB is the location-specific stillbirth rate   

 

Below are some examples of the haemoglobin distributions for various locations and groups, combining 

the sample distribution (histogram), individual distributions, and ensemble distribution.  
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Due to instability in our prevalence estimates in early life, we copied the prevalence estimates for the 

post-neonatal age group over the early and late neonatal estimates for each location, year, and sex. 

 

Causal Attribution 

We performed cause-specific attribution on the anaemia envelope using information on cause-specific 

prevalence and haemoglobin shift, which uses the same overall method as in the GBD 2010 with the 

addition of a number of causes and updates to haemoglobin shifts for inputs to causal attribution.  

Tﾗデ;ﾉ さｴaWﾏﾗｪﾉﾗHｷﾐ ゲｴｷaデざ ┘;ゲ SWデWヴﾏｷﾐWS ;ゲ デｴW SｷaaWヴWﾐIW HWデ┘WWﾐ デｴW ﾐﾗヴﾏ;ﾉ ;ﾐS ヮヴWSｷIデWS ﾏW;ﾐ 
haemoglobin levels for each population group. We denoted the normal haemoglobin level as the global 

95th percentile of the distribution of mean haemoglobin within each age group, sex, and year. We then 

determined a total shift for each country in the corresponding age group, sex, and year by finding the 

difference between the glob;ﾉ さﾐﾗヴﾏ;ﾉざ ;ﾐS デｴW Iﾗ┌ﾐデヴ┞-specific predicted mean haemoglobin. Our 

model of attribution followed that, because the shift is a disease state experienced by 100% of the 

population, then the sum of cause-specific haemoglobin shifts times the prevalence of each contributing 

cause should add up to the total. We summed shift times prevalence estimates from all causes, compared 

to the total predicted haemoglobin shift, and proportionally assigned. We distributed the residual 

envelope among five remaining causes.  

Of note, our iron-deficiency anaemia (IDA) estimates include acute and chronic haemorrhagic states for 

which supplementation may be helpful, but poor nutritional intake is not the only underlying problem. A 

few causes in this category に hookworm, schistosomiasis, upper gastrointestinal bleeding, and 

gynaecologic diseases に were considered separately from IDA because there were enough data from GBD 

prevalence estimation processes to do so. Distribution of anaemia burden to IDA only after assignment to 

さﾆﾐﾗ┘ﾐざ I;┌ゲWゲ ;┗ﾗｷSWS Sﾗ┌HﾉW Iﾗ┌ﾐデｷﾐｪ ﾗa デｴWゲW I;ゲWゲく Mﾗゲデ ﾗデｴWヴ I;┌ゲWゲ ﾗa ;ﾐaemia not specifically 

IﾗﾐゲｷSWヴWS ┘WヴW ｷﾐIﾉ┌SWS ｷﾐ デｴW さﾗデｴWヴざ I;デWｪﾗヴｷWゲく  

For all causes with specific population-specific prevalence estimates, we enforced a condition where the 

sum of mild, moderate, and severe anaemia would not exceed the total prevalence within each 

ヮﾗヮ┌ﾉ;デｷﾗﾐく ASSｷデｷﾗﾐ;ﾉﾉ┞が HWI;┌ゲW ｷﾐｴWヴWﾐデ ｷﾐ ﾗ┌ヴ ﾏWデｴﾗS ﾗa SWデWヴﾏｷﾐｷﾐｪ さﾐﾗヴﾏ;ﾉざ ｴaemoglobin is the 

fact that 5% of population groups will have zero, or negative, total shift, we assigned a minimum of 10% 

of all anaemia to be assigned to residual causes based on review of findings from National Health and 

Nutrition Examination Survey (NHANES) in the United States5,6.   

We again used Bayesian contingency table modelling methods developed for GBD 2013 to disaggregate 

marginal estimates of anaemia severity and aetiology into a complete set of prevalence estimates for 

aetiology/severity pairs. Marginal estimates of column sums (total anaemia prevalence by severity [mild, 

moderate, severe]) and row sums (total aetiology prevalence for each cause) were paired with priors on 

the aetiology-specific haemoglobin shifts (the same as were used for overall aetiologic attribution) and 

rank order of variation of severity (eg, malaria-induced anaemia severity is highly variable, while that due 

to homozygous sickle cell disease is less so). Nonlinear optimisation methods were then used to populate 

a complete matrix of aetiology-severity estimates from the marginal estimates and distribution priors. We 

found the maximum a posteriori (MAP) point estimate for five samples from estimated posterior 

distributions independently for each population group, then scaled the results to ensure row sums were 

non-zero and column sums matched the original draws. We then took the mean of the scaled posteriors 
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for each population group. To estimate uncertainty for each scaled posterior mean, we first calculated 

the ratio of each draw to the mean of all draws for the anaemia envelope. For non-residual causes, we 

also calculated the ratio of each draw to the mean of all draws. We then multiplied the scaled posterior 

mean by these ratios. 

The anaemia causal attribution process produces estimates for mild, moderate, and severe anaemia due 

to HIV. Using these estimates, we calculated proportions of HIV with mild, moderate, severe, and no 

anaemia for each demographic group. GBD produces estimates for seven HIV sub-causes: early HIV, 

symptomatic HIV, AIDS with antiretroviral treatment, AIDS without antiretroviral treatment, drug-

sensitive HIV/AIDSにtuberculosis, multidrug-resistant HIV/AIDSにtuberculosis, and extensively drug-

resistant HIV/AIDSにtuberculosis. We assumed the anaemia severity proportions were equivalent across 

the seven sub-causes and estimated the anaemia severity levels for each by multiplying the HIV sub-

causes by the anaemia proportions. 

For GBD 2017, we made several updates to the anaemia cause list. This year, we removed さﾗther 

gynaecological SｷゲﾗヴSWヴゲざ from the cause list, and instead added さmenstrual disorders,ざ which is a directly 

modelled, non-residual cause. We also added cirrhosisが Cヴﾗｴﾐげゲ disease, ulcerative colitis, and Vitamin A 

deficiency to the list. Because reviewed studies provided insufficient evidence of vitamin A deficiency 

causing any haemoglobin shift in adults7, we age-restricted the vitamin A deficiency input model, such 

that the haemoglobin shift was only applicable to age groups under 15 years. Per updates to the GBD 

2017 diabetes modelling strategy, we updated the CKD due to diabetes aetiologies to differentiate 

between type 1 and type 2 diabetes. We also added the differentiation between clinical malaria, P. 

falciparum parasitemia without clinical malaria, and P. vivax parasitemia without clinical malaria. 

Priors: Largest* 

Anaemia subtype Expected largest 

P. falciparum parasitaemia without clinical malaria 2 

P. vivax parasitaemia without clinical malaria 2 

Clinical malaria 2 

Schistosomiasis 0 

Hookworm disease 0 

Other neglected tropical diseases 0 

Maternal haemorrhage 1 

Iron deficiency 0 

Vitamin A deficiency 0 

Other infectious diseases 0 

Peptic ulcer disease 2 

Gastritis 2 

Stage III chronic kidney disease due to diabetes mellitus type 1 1 

Stage IV chronic kidney disease due to diabetes mellitus type 1 1 

Stage V chronic kidney disease due to diabetes mellitus type 1 2 

Stage III chronic kidney disease due to diabetes mellitus type 2 1 

Stage IV chronic kidney disease due to diabetes mellitus type 2 1 

Stage V chronic kidney disease due to diabetes mellitus type 2 2 
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Stage III chronic kidney disease due to hypertension 1 

Stage IV chronic kidney disease due to hypertension 1 

Stage V chronic kidney disease due to hypertension 2 

Stage III chronic kidney disease due to glomerulonephritis 1 

Stage IV chronic kidney disease due to glomerulonephritis 1 

Stage V chronic kidney disease due to glomerulonephritis 2 

Stage III chronic kidney disease due to other and unspecified causes 1 

Stage IV chronic kidney disease due to other and unspecified causes 1 

Stage V chronic kidney disease due to other and unspecified causes 2 

Uterine fibroids 0 

Menstrual disorders 0 

Other haemoglobinopathies and haemolytic anemias 1 

Other endocrine, nutrition, blood, and immune disorders 0 

G6PD deficiency 1 

Hemizygous G6PD deficiency 1 

Beta-thalassaemia major 2 

Beta-thalassaemia trait 1 

Haemoglobin E trait 0 

Haemoglobin E/beta-thalassaemia 2 

Haemoglobin H disease 2 

Homozygous sickle cell and severe sickle cell/beta-thalassaemia parent 2 

Hemoglobin SC disease 2 

Mild sickle cell/beta-thalassaemia 2 

Sickle cell trait 0 

HIV 0 

Cirrhosis and other chronic liver diseases, decompensated 1 

Ulcerative colitis 0 

Crohnげs disease 0 

  

*0 = mild anaemia; 1 = moderate anaemia; 2 = severe anaemia 

Priors: Severity 

Anemia subtype Expected variation 

P. falciparum parasitaemia without clinical malaria 1 

P. vivax parasitaemia without clinical malaria 2 

Clinical malaria 3 

Gastritis 4 

Peptic ulcer disease 5 

Cヴﾗｴﾐげゲ SｷゲW;ゲW 6 

Ulcerative colitis 7 

Maternal haemorrhage 8 
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Other endocrine, blood, and immune disorders 9 

Menstrual disorders 10 

Uterine fibroids 11 

Iron deficiency 12 

Vitamin A deficiency 13 

Other infectious diseases 14 

Other neglected tropical diseases 15 

HIV 16 

Stage III chronic kidney disease due to other and unspecified causes 17 

Stage III chronic kidney disease due to hypertension 18 

Stage III chronic kidney disease due to diabetes mellitus type 1 19 

Stage III chronic kidney disease due to diabetes mellitus type 2 20 

Stage III chronic kidney disease due to glomerulonephritis 21 

Stage IV chronic kidney disease due to other and unspecified causes 22 

Stage IV chronic kidney disease due to hypertension 23 

Stage IV chronic kidney disease due to diabetes mellitus type 1 24 

Stage IV chronic kidney disease due to diabetes mellitus type 2 25 

Stage IV chronic kidney disease due to glomerulonephritis 26 

Cirrhosis and other chronic liver diseases, decompensated 27 

Stage V chronic kidney disease due to other and unspecified causes 28 

Stage V chronic kidney disease due to hypertension 29 

Stage V chronic kidney disease due to diabetes mellitus type 1 30 

Stage V chronic kidney disease due to diabetes mellitus type 2 31 

Stage V chronic kidney disease due to glomerulonephritis 32 

Haemoglobin E trait 33 

Sickle cell trait 34 

Beta-thalassaemia trait 35 

G6PD deficiency 36 

Hemizygous G6PD deficiency 37 

Haemoglobin SC disease 38 

Schistosomiasis 39 

Haemoglobin H disease 40 

Other haemoglobinopathies and haemolytic anaemias 41 

Mild sickle cell/beta-thalassaemia 42 

Hookworm disease 43 

Haemoglobin E/beta-thalassaemia 44 

Homozygous sickle cell and severe sickle cell/beta-thalassaemia 45 

Beta-thalassaemia major 46 

 

Causes for which allocation of residual anaemia envelope  

was based on fixed proportion redistribution methods*: 
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Iron-deficiency anaemia (IDA) 

Other infectious diseases 

Other neglected tropical diseases 

Other endocrine, nutrition, blood, and immune disorders 

Other haemoglobinopathies and haemolytic anaemias   

 

* A minimum of 10% of all anaemia was assigned to residual categories based on analysis of NHANES-III 

data from the United States 

 

References 

1. Kassebaum NJ. The Global Burden of Anemia. Hematology/Oncology Clinics 2016; : 247に308. 

2. Kassebaum NJ, Jasrasaria R, Naghavi M, et al. A systematic analysis of global anemia burden from 

1990 to 2010. Blood 2014; : 615に24. 

3. WHO | Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. 

Geneva: World Health Organization, 2011 http://www.who.int/vmnis/indicators/haemoglobin. 

pdf. 

4. Kates EH, Kates JS. Anemia and polycythemia in the newborn. Pediatr Rev 2007; : 33に4. 

5. Centers for Disease Control and Prevention (CDC). Iron deficiency--United States, 1999-2000. 

MMWR Morb Mortal Wkly Rep 2002; : 897に9. 

6. Looker AC, Dallman PR, Carroll MD, Gunter EW, Johnson CL. Prevalence of iron deficiency in the 

united states. JAMA 1997; : 973に6. 

7. Semba RD, Bloem MW. The anemia of vitamin A deficiency: epidemiology and pathogenesis. 

European Journal of Clinical Nutriton 2002; : 271-281. 

 

 

774



Epilepsy impairment 
 

Flowchart 

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Survey Data

Nonfatal 

database
Dismod-MR 2.1

Prevalence & incidence by 

location/year/age/sex for 

epilepsy

Comorbidity 

correction 

(COMO)

YLLs

Comorbidity 

adjusted 

YLDs

DALYs

Epilepsy

Study-level covariate s:

Lifetime recall

Claims data

Age-sex 

splitting

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Claims data に 
outpatient visits

Location-level covariate s:

 LDI

Pigmeat Consumption

Epilepsy SEV Scalar

Idiopathic Proportion:

Mixed Effects Binomial Regression 

Fixed effects: under-5 mortality, pigmeat 

consumption, sanitation, study quality

Random Effects: Super-region  

Seizure free on tx

Binomial Regression

Fixed effect: Healthcare access and quality 

index

Treatment Proportion

Mixed Effects Binomial Regression 

Fixed effect: Healthcare access and quality 

index

Random Effects: Super-region  

Severe Proportion:

Mixed Effects Binomial Regression 

Fixed effect: Healthcare access and quality 

index

Random Effects: Super-region  

Prevalence & incidence by 

location/year/age/sex for 

secondary epilepsy

Prevalence & incidence by 

location/year/age/sex for 

idiopathic epilepsy

Prevalence & incidence by 

location/year/age/sex for 

severe secondary epilepsy

Prevalence & incidence by 

location/year/age/sex for 

severe idiopathic epilepsy

Prevalence & incidence by 

location/year/age/sex for 

not-severe idiopathic 

epilepsy

Prevalence & incidence 

by location/year/age/sex 

for not-severe secondary 

epilepsy

Prevalence & incidence by 

location/year/age/sex for 

untreated not-severe 

secondary epilepsy

Prevalence & incidence by 

location/year/age/sex for 

untreated not-severe 

idiopathic epilepsy

Prevalence & incidence by 

location/year/age/sex for 

treated not-severe 

idiopathic epilepsy

Prevalence & incidence 

by location/year/age/sex 

for treated not-severe 

secondary epilepsy

Prevalence & incidence by 

location/year/age/sex for 

treated severe secondary 

epilepsy, with fits

Prevalence & incidence by 

location/year/age/sex for 

treated severe idiopathic 

epilepsy, with fits

Prevalence & incidence by 

location/year/age/sex for 

treated not-severe 

idiopathic epilepsy, 

without fits

Prevalence & incidence 

by location/year/age/sex 

for treated not-severe 

secondary epilepsy, 

without fits

  

Case definition 

Since GBD 2013, we have ┌ゲWS デｴW aﾗﾉﾉﾗ┘ｷﾐｪ SWaｷﾐｷデｷﾗﾐゲ aヴﾗﾏ デｴW さG┌ｷSWﾉｷﾐWゲ aﾗヴ Eヮｷdemiologic Studies 

on Epilepsyざ: 1) Epilepsy: a condition characterised by recurrent (two or more) epileptic seizures, 

unprovoked by any immediate identified cause, and 2) さAIデｷ┗Wざ WヮｷﾉWヮゲ┞: a prevalent case of active 

epilepsy is defined as a person with epilepsy who has had at least one epileptic seizure in the previous 

five years, regardless of antiepileptic drug (AED) treatment. We also use the following ICD-10 codes for 

epilepsy: G40 (Neuro, epilepsy, total) and G41 (Neuro, epilepsy, status epilepticus). We defined severe 

epilepsy as having seizures one or more times per month.  

Input data 

 Model inputs 

For GBD 2016, we conducted a systematic review covering 10/1/2014 to 10/7/2016 using the following 

search string:  

("2014/10/01"[PDAT] : "2016"[PDAT]) AND ("epilepsy"[MeSH Terms] OR "epilepsy, partial, motor"[MeSH 

Terms] OR "epilepsy, benign neonatal"[MeSH Terms] OR "epilepsy, reflex"[MeSH Terms] OR "myoclonic 

epilepsy, juvenile"[MeSH Terms] OR "epilepsy, frontal lobe"[MeSH Terms] OR "epilepsy, complex 

partial"[MeSH Terms] OR "epilepsy, post-traumatic"[MeSH Terms] OR "epilepsy, temporal lobe"[MeSH 

Terms] OR "epilepsy, absence"[MeSH Terms] OR "epilepsy, tonic-clonic"[MeSH Terms] OR "epilepsies, 

myoclonic"[MeSH Terms] OR "epilepsies, partial"[MeSH Terms] OR epilepsy[Title/Abstract]) AND 

(incidence[Title/Abstract] OR prevalence[Title/Abstract])  NOT(animals[MeSH] NOT humans[MeSH]).  
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We included representative, population-based surveys that reported on prevalence, incidence, remission 

rate, excess mortality rate, relative risk of mortality, standardised mortality ratio, or with-condition 

mortality rate. We excluded studies with no clearly defined sample (eg, among clinic attenders or patient 

organisation members with non-specific or non-representative catchment area).  

This year we also added three additional years of claims data from the USA (2011, 2013, 2014), and one 

year of claims data from Taiwan (2016). We also changed the algorithm for deriving prevalence from the 

claims data. Previously, an individual with any inpatient or outpatient visit in a given year would be 

counted as a previous case. However, this would pick up visits where a doctor may have used a potential 

or probable diagnosis without confirmation. Therefore, the new algorithm only counts a prevalent case 

where an individual has one inpatient visit, two outpatient visits, or one outpatient and one inpatient 

visit. This change to the algorithm resulted in a decrease in prevalence estimates for the United States.  

The table below details the model inputs used to estimate the epilepsy impairment. 

 Prevalence Incidence 

Excess 

mortality 

rate 

Remission Other 

Site-years (total) 638 206 25 5 11 

Number of countries with data 81 36 14 3 5 

Number of GBD regions with data (out of 21 regions) 20 15 9 3 4 

Number of GBD super-regions with data (out of 7 

super-regions) 
7 7 5 2 4 

 

The inputs for the regressions used to split the epilepsy impairment envelope include data on the 

proportion of epilepsy that is primary or idiopathic, the proportion of epilepsy that is severe (one or more 

fits per month), the proportion of epilepsy that is untreated (the treatment gap), and the proportion of 

treated epilepsy that is treated without fits (no fits reported in the preceding year). For the proportion of 

epilepsy that is idiopathic, we have 89 unique sources covering 18 of 21 world regions. For the proportion 

of epilepsy that is severe, we have 29 unique sources covering 12 unique regions. For the proportion of 

treated epilepsy that has no fits we have ten unique sources covering six regions. Finally, for the 

proportion of epilepsy that is treated we have 68 unique studies covering 16 unique regions.  

 Severity splits & disability weights 

 

The table below illustrates the severity levels, descriptions, and disability weights associated with 

epilepsy. These are calculated using regressions from literature (ie, frequency of seizures).  

Severity level Lay description Disability weights (95% CI) 

severe (seizures >= once per 

month) 

This person has sudden seizures 

one or more times each month, 

with violent muscle contractions 

and stiffness, loss of  

consciousness, and loss of urine 

or bowel control. Between 

seizures the person has memory 

loss and difficulty concentrating. 

0.552 

(0.375に0.71) 
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less severe (seizures < once per 

month) 

This person has sudden seizures 

two to five times a year, with 

violent muscle contractions and 

stiffness, loss of consciousness, 

and loss of urine or bowel 

control. 

0.263 

(0.173に0.367) 

Treated without fits  This person has a chronic 

disease that requires medication 

every day and causes some 

worry but minimal interference 

with daily activities. 

0.049 

(0.031に0.072) 

Modelling strategy  

 

We modelled the prevalence of epilepsy in two steps: first, we created an epilepsy impairment envelope. 

Second, we split the envelope into primary (or idiopathic) and secondary epilepsies. Each of these were 

ゲ┌HSｷ┗ｷSWS ｷﾐデﾗ さゲW┗WヴWざ ふﾗﾐ ;┗Wヴ;ｪW one ﾗヴ ﾏﾗヴW aｷデゲ ヮWヴ ﾏﾗﾐデｴぶ ;ﾐS さﾐﾗﾐ-ゲW┗WヴWくざ Nﾗﾐ-severe cases 

┘WヴW ゲ┌HSｷ┗ｷSWS ｷﾐデﾗ さデヴW;デWSざ ;ﾐS さ┌ﾐ-デヴW;デWSくざ Fｷﾐ;ﾉﾉ┞が さデヴW;デWSざ I;ゲWゲ ┘WヴW Sｷ┗ｷSWS ｷﾐデﾗ さデヴW;デWS I;ゲWゲ 
┘ｷデｴ aｷデゲざ ふHWデ┘WWﾐ one and 11 fits on average in the ヮヴWIWSｷﾐｪ ┞W;ヴぶ ;ﾐS さデヴW;デWS I;ゲWゲ ┘ｷデｴﾗ┌デ aｷデゲざ ふﾐﾗ 
fits reported in the preceding year). 

In the first step, we used DisMod-MR 2.1 for the epilepsy impairment envelope to model a consistent fit 

between incidence, prevalence, remission, and standardised mortality ratio data while using meta-

regression to correct data points with non-reference study quality characteristics. We found no 

ゲ┞ゲデWﾏ;デｷI Hｷ;ゲ aﾗヴ デｴW Iﾗ┗;ヴｷ;デW さﾐﾗﾐ-ゲデ;ﾐS;ヴS I;ゲW SWaｷﾐｷデｷﾗﾐざ ｷﾐSｷI;デｷﾐｪ ゲデ┌SｷWゲ デｴ;デ SｷS ﾐﾗデ SWaｷﾐW 
さactive epilepsyざ and additionally the covariate was not significant as a さz-covざ, which acts as a multiplier 

applied to the standard error and thus results in these data points being given less weight in the analysis 

than the さreferenceざ data points. Therefore, we excluded this covariate from the model. We also 

included data on lifetime prevalence and therefore added a covariate on lifetime prevalence data points. 

We added covariates to adjust the USA claims data as well. Because the data from 2000 were 

systematically lower than the other years, we added a year-specific covariate for 2000, while all other 

years were adjusted with one covariate. We did not adjust Taiwan claims data because the data aligned 

well with available literature data from Taiwan.  

We also included country-level covariates on prevalence for the SEV epilepsy scalar, which summarises 

the epilepsy risk exposure level for each country, and pig meat consumption per capita, which is used as a 

proxy for the level of neurocysticercosis, a common cause of secondary epilepsy. We included cause-

specific mortality rate (CSMR) results from the epilepsy mortality model as input data to the DisMod 

model. Where age-specific prevalence data were available, we calculated excess mortality rate (EMR) 

from prevalence and CSMR. We included the log of the lag-distributed income (LDI) as a covariate on EMR 

to account for lower mortality in developed countries. We included Bayesian priors on remission to 

account for the scarcity of remission data. We set bounds on remission from 0 to 0.25 from age 0-60 and 

0 to 0.05 from age 61-100. The table below indicates the covariates used in the estimation process, as 

well as parameters, betas, and exponentiated betas. 

Measure Variable Name Beta Exponentiated 

Prevalence Recall lifetime 0.19 1.21 (1.18に1.24) 
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Prevalence All MarketScan, 

year 2000 
-1.44 0.24 (0.22に0.25) 

Prevalence All MarketScan, 

other years 
-0.78 0.46 (0.44に0.48) 

Prevalence Pig meat 

consumption (kg 

per capita) 

0.0037 

 

1.00 (1.00に1.01) 

 

Prevalence Log-transformed 

age-standardised 

SEV scalar for 

epilepsy 

0.76 

 

2.14 (2.12に2.21) 

 

Excess mortality 

rate 

LDI (I$ per 

capita) 
-0.55 0.58 (0.37に0.90) 

 

In the second step, we used mixed-effects generalised linear models (binomial family) to predict the 

proportion of idiopathic epilepsy, the proportion of severe epilepsy, the proportion of treated epilepsy 

and the proportion of epilepsy that is treated without fits.  

Because not all of the data on the proportion of idiopathic epilepsy use optimal case finding methods 

(using CT scans or MRIs in addition to EEGs in order to diagnose secondary epilepsy), we first run an initial 

linear regression model with a covariate on study quality. We then use the beta from this model to 

crosswalk studies with non-optimal case finding methods to those with adequate methods. The adjusted 

data are then used in the regression for the proportion of epilepsy that is idiopathic, with a fixed effect on 

SDI as well as a random effect on super-region.  

We used similar models to predict the proportion of severe epilepsy and treatment gap based on the 

reported proportions extracted from the systematic review. To predict the proportion of severe epilepsy 

and the treatment gap, we used mixed-effects models with a fixed effect on the log of HAQ Index and a 

random effect on super-region.   

For the regression to determine the proportion of treated epilepsy cases that have not had a fit in the last 

year, there is a much smaller dataset, and therefore we cannot use a random effect in the model.  

Therefore, we use generalised linear model (binomial family) to generate predictions for the proportion 

of treated epilepsy that is seizure-free with a fixed effect on the log of HAQ Index.   

We tested a fixed effect on epilepsy cause-specific mortality, under-5 mortality rate, sanitation, and pig 

meat consumption as well as random effects on region and country in different models, but they did not 

improve the models. We generated 1,000 draws of country-specific estimates for each year between 

1980 and 2017 for each of the models. The table below shows the betas from these regressions.  

Regression  covariate beta SE 

Idiopathic Study quality 0.75 0.59 

Idiopathic SDI 1.39 1.12 

Severe HAQ Index -1.23 1.05 

Treatment gap HAQ Index -3.54 1.37 

Treated without fits HAQ Index 2.49 1.87 
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Case definition 

Guillain-Barré syndrome is a rare condition that usually occurs as a complication of respiratory or 

gastrointestinal infection. It is considered an immune-mediated nerve dysfunction with rapid onset of 

weakness in feet and hands ascending toward the trunk. In the acute phase, about a quarter of cases 

required mechanical ventilation for survival. The majority of cases fully recover within months to a year. 

The following ICD codes are used G61.0 (GBS) and 357.0 (Acute infective polyneuritis). These codes are 

also referenced in Methods Appendix Table 4. 

Input data 
 Model inputs 

An updated systematic review was done for GBD 2017 from January 2008 to September 2017 using the 

search string ((((((("guillain barre syndrome"[MeSH Terms] OR ("guillain"[Title/Abstract] AND 

("barre"[Title/Abstract] OR "barre"[Title/Abstract]) AND Title/Abstract[All Fields] AND 

"syndrome"[Title/Abstract])) OR "guillain-barre syndrome"[Title/Abstract]) OR "guillain-barre 

syndrome"[Title/Abstract]) OR "polyradiculoneuropathy"[Title/Abstract]) OR "Guillain-Barre 

syndrome"[Title/Abstract]) AND ("prevalence"[Title/Abstract] OR "incidence"[Title/Abstract] OR 

"epidemiology"[Title/Abstract] OR "remission"[Title/Abstract]))) AND ("2008/01/01"[Date - Publication] : 

"2017/09/26"[Date - Publication]). This search yielded 436 hits with 25 sources marked for extraction. A 

flowchart documenting this review is displayed below.   
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An additional search was undertaken for more information on remission and duration of GBS. As the 

remission and duration did not vary significantly across the studies and there were  time constraints, 

instead of doing a systematic search for GBS mortality and remission, a general search was carried out. 

We extracted remission from four studies.  

 
Incidence Remission 

Site-years (total) 827 4 

Number of countries with data 41 4 

Number of GBD regions with data (out of 21 regions) 15 3 

Number of GBD super-regions with data (out of 7 super-regions) 7 2 

 

 

Inpatient hospital data were extracted using the ICD codes listed above. Only primary diagnoses were 

considered, with the reasoning that Guillain-Barré syndrome should appear as a primary diagnosis and we 

do not wish to include follow-up visits that may be listed as secondary or tertiary codes. This year we also 

added three additional years of claims data from the USA (2011, 2013, 2014) and one year of claims data 

from Taiwan (2016). 

 

 Aetiology splits 

 

Information on aetiology splits come from a systematic review and meta-analysis of the literature 

completed for GBD 2010. This review searched for articles providing information on the proportion of 

Guillain-Barré cases with any described aetiological cause, the proportion of Guillain-Barré cases 
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attributed to influenza, the proportion of Guillain-Barré cases attributed to upper respiratory infections, 

the proportion of Guillain-Barré cases attributed to diarrhoeal diseases and the proportion of Guillain-

Barré cases attributed to other infections. This review yielded 35 articles; a breakdown of how many 

articles inform each proportion contributing to the split is provided below: 

 

Split Number of sources 

All specified aetiologies 31 

Influenza 3 

Upper respiratory infections 26 

Diarrhoeal diseases 25 

Other infectious diseases 14 

 

First the envelope for Guillain-Barré cases due to all specified aetiologies is established by doing a meta-

analysis on the proportions reported in the studies included. Then, the proportions for each of the other 

splits are squeezed to fit the envelope created in the all specified meta-analysis. Finally, the difference 

between all specified and 100% is attributed to other neurological disorders. The final results of these 

aetiology splits are shown below:  

 

Aetiology Mean Lower Upper 

Other neurological disorders 0.382 0.331 0.669 

Influenza 0.119 0.071 0.192 

Upper respiratory infections 0.319 0.27 0.372 

Diarrhoeal diseases 0.109 0.086 0.135 

Other infectious diseases 0.071 0.054 0.093 

 

 

Disability weights 

 

One health state was used for all Guillain-Barré cases. It is described as paralysed from the waist down, 

cannot feel or move the legs, and has difficulties with urine and bowel control. The person uses a 

wheelchair to move around. The disability weight is 0.296 (0.198に0.414).  

 

Modelling strategy  

All data, from both the literature review and hospital extraction, were corrected for the survival rate. A 

random effects meta-analysis calculated a 95% case fatality rate (95% CI 93に98%). A forest plot showing 

the results of this meta-analysis is displayed below. As mortality mainly occurs during the acute phase of 

the disease (usually within four weeks of onset), the pooled survival rate was used to get the incidence of 

the people surviving after the acute phase of the GBS. Where surveillance data were reported at age 

groups of over 20 years, we applied the age pattern derived from USA MarketScan claims data to age-

split the data.  

 

782



 
 

Dismod-MR 2.1 was used to estimate prevalence of Guillain-Barré syndrome for every location, year, age, 

and sex. For this round we decided not to adjust the hospital data as they were fairly similar to literature 

data and we would expect almost all cases of GBS to be captured in hospital admissions records. We then 

split the overall prevalence of the impairment by underlying aetiology (upper respiratory infections, 

influenza, diarrhoeal diseases, other infections, and other neurological causes). We used random effects 

meta-analysis to pool these proportions. We squeeze the proportions for influenza, diarrhoeal diseases, 

upper respiratory infections, and other infectious diseases to add to the proportion for all identified 

infectious underlying diseases. We assigned the complement to one of the proportion with any 

underlying infectious disease to a rest category of さidiopathic Guillain-Barre syndromeざ that is classified 

under neurological disorders. 
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Case definition 
For GBD 2017, we modelled the following severities of hearing loss: 

Severity thresholds of interest  for hearing loss 

Severity  Threshold (in decibels) 

None 0に19 

Mild  20に34 

Moderate 35に49 

Moderately severe 50に64 

Severe 65に79 

Profound 80に94 

Complete 95+ 

 

We modelled the following causes of hearing loss: congenital, meningitis, otitis, and age-related and 

other hearing loss. Hearing loss due to meningitis and otitis are modelled as part of their underlying cause 

as described in their respective sections. Congenital hearing loss is defined as hearing loss present at 

birth. Age-related and other hearing loss includes causes not identified as meningitis, otitis, or congenital. 

This includes presbycusis, the gradual increase in hearing loss over age frequently caused by the natural 

breakdown of neurons in the inner ear. For all causes, we estimate hearing loss with and without tinnitus, 

the perception of noise or ringing in the ears.  

 

Input data 

 Model inputs 
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For the estimation of the severity-specific envelopes, we used a series of systematic reviews and survey 

extraction. Data sources up to 2008 were identified by a published systematic review 

(http://www.ncbi.nlm.nih.gov/pubmed/19444763). A systematic review covering 2008に2013 was 

conducted with the following search terms:  

(hearing impairment[Title/Abstract] OR deafness[Title/Abstract] OR hearing loss[Title/Abstract]) 

AND (prevalence[Title/Abstract]) AND ("2008"[PDAT] : "3000"[PDAT]) AND (cross sectional OR 

survey) 

In addition, we extracted hearing loss measurement from the United States National Health and 

Examination Surveys (NHANES) and the Health Survey for England (HSE). Self-reported data, from both 

the literature and surveys, were excluded. This includes censuses in the Integrated Public Use Microdata 

Series (IPUMS), the WHO Studies on Global Ageing and Adult Health (SAGE), and the WHO Multi-Country 

Survey Study on Health and Responsiveness (MCSS). Systematic reviews and self-reported survey data 

(including MCSS, SAGE, and NHANES) were used to estimate hearing aid coverage.  

For GBD 2016, we conducted a systematic review on November 30, 2016, using the following search 

terms:  

 (hearing impairment[Title/Abstract] OR deafness[Title/Abstract] OR hearing loss[Title/Abstract] 

OR audiometry[Title/Abstract]) AND (prevalence[Title/Abstract]) AND ("2008/11/26"[PDAT] : 

"3000"[PDAT]) AND (cross sectional OR survey) 

This returned 239 results, of which 17 were accepted.  

Where studies reported hearing loss spanning multiple thresholds (eg, 80+, rather than 80-94 and 95+), 

we crosswalked using ratios predicted by a linear regression on age, using NHANES microdata. Where 

studies reported severity categories that did not align with GBD thresholds, we crosswalked using 

NHANES microdata to the nearest GBD severity category.  

The table below shows the number of site-years of data included in severity envelope models for GBD 

2017, as well as the number of countries, regions, and super-regions represented. 

0-19 dB 

  Prevalence 

Site-years (total) 186 

Number of countries with data 17 

Number of GBD regions with data (out of 21 regions) 10 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

20-34 dB 

  Prevalence 

Site-years (total) 184 

Number of countries with data 15 

Number of GBD regions with data (out of 21 regions) 11 

Number of GBD super-regions with data (out of 7 super-regions) 6 
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35-49 dB 

  Prevalence 

Site-years (total) 38 

Number of countries with data 17 

Number of GBD regions with data (out of 21 regions) 10 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

50-64 dB 

  Prevalence 

Site-years (total) 53 

Number of countries with data 18 

Number of GBD regions with data (out of 21 regions) 11 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

65-79 dB 

  Prevalence 

Site-years (total) 38 

Number of countries with data 19 

Number of GBD regions with data (out of 21 regions) 12 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

80-94 dB 

  Prevalence 

Site-years (total) 39 

Number of countries with data 10 

Number of GBD regions with data (out of 21 regions) 8 

Number of GBD super-regions with data (out of 7 super-regions) 5 

 

95+ dB 

  Prevalence 

Site-years (total) 44 

Number of countries with data 17 

Number of GBD regions with data (out of 21 regions) 10 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

 

Health states and disability weights 

Health state name Health state description Disability weight 
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Hearing loss, mild has great difficulty hearing and understanding another person talking in a noisy place (for 

example, on an urban street). 
0.01 

(0.004に0.019) 

Hearing loss, mild, with 

ringing 

has great difficulty hearing and understanding another person talking in a noisy place (for 

example, on an urban street), and sometimes has annoying ringing in the ears. 
0.021 

(0.012に0.036) 

Hearing loss, moderate is unable to hear and understand another person talking in a noisy place (for example, on an 

urban street), and has difficulty hearing another person talking even in a quiet place or on the 

phone. 

0.027 

(0.015に0.042) 

Hearing loss, moderate, 

with ringing 

is unable to hear and understand another person talking in a noisy place (for example, on an 

urban street), and has difficulty hearing another person talking even in a quiet place or on the 

phone, and has annoying ringing in the ears for more than 5 minutes at a time, almost every 

day. 

0.074 

(0.048に0.107) 

Hearing loss, 

moderately severe 

(custom DW from hearing loss impairment envelope) 
0.092 

(0.064に0.129) 

Hearing loss, 

moderately severe, 

with ringing 

(custom DW from hearing loss impairment envelope) 

0.167 

(0.114に0.231) 

Hearing loss, severe is unable to hear and understand another person talking, even in a quiet place, and unable to 

take part in a phone conversation. Difficulties with communicating and relating to others cause 

emotional impact at times (for example worry or depression). 
0.158 

(0.104に0.227) 

Hearing loss, severe, 

with ringing 

is unable to hear and understand another person talking, even in a quiet place, and unable to 

take part in a phone conversation, and has annoying ringing in the ears for more than 5 

minutes at a time, almost every day. Difficulties with communicating and relating to others 

cause emotional impact at times (for example worry or depression). 

0.261 

(0.174に0.361) 

Hearing loss, profound is unable to hear and understand another person talking, even in a quiet place, is unable to take 

part in a phone conversation, and has great difficulty hearing anything in any other situation. 

Difficulties with communicating and relating to others often cause worry, depression, and 

loneliness. 

0.204 

(0.134に0.288) 

Hearing loss, profound, 

with ringing 

is unable to hear and understand another person talking, even in a quiet place, is unable to take 

part in a phone conversation, has great difficulty hearing anything in any other situation, and 

has annoying ringing in the ears for more than 5 minutes at a time, several times a day. 

Difficulties with communicating and relating to others often cause worry, depression, or 

loneliness. 

0.277 

(0.182に0.388) 

Hearing loss, complete cannot hear at all in any situation, including even the loudest sounds, and cannot communicate 

verbally or use a phone. Difficulties with communicating and relating to others often cause 

worry, depression or loneliness. 
0.215 

(0.143に0.307) 

Hearing loss, complete, 

with ringing 

cannot hear at all in any situation, including even the loudest sounds, and cannot communicate 

verbally or use a phone, and has very annoying ringing in the ears for more than half of the day. 

Difficulties with communicating and relating to others often cause worry, depression or 

loneliness. 

0.316 

(0.211に0.436) 

 

Modelling strategy  

We modelled the prevalence of hearing loss over five steps. First, we ran three DisMod-MR 2.1 models to 

estimate the total prevalence estimates of hearing loss: normal hearing (0に19dB), mild hearing loss (20に

34dB), and moderate hearing loss and above (35+ dB). We squeezed the prevalence estimates from these 

DisMod-MR 2.1 models to fit within the entire population of each country. We estimated prevalence of 

normal hearing for this squeezing purpose only, and hence it did not form part of further analysis. Betas 

and exponentiated values, which can be interpreted as an odds ratio, are shown in the table below for 

each covariate. 

Model Covariate name Type Measure Beta value Exponentiated 

value 

Hearing loss 

impairment at 

35+ dB 

Socio-

demographic 

Index 

Country 

covariate 

Prevalence -0.23 (-0.64 to -

0.011) 
0.79 (0.53に0.99) 
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Hearing loss 

impairment at 

95+ dB 

Socio-

demographic 

Index 

Country 

covariate 

Prevalence -0.84 (-1.88 to -

0.037) 
0.43 (0.15に0.96) 

Hearing aids 

(proportion of 

total hearing 

loss) 

LDI (I$ per 

capita) 

Country 

covariate 

Prevalence  

0.76 (0.42に1.00) 

 

2.14 (1.51 to 

2.72) 

Hearing loss 

impairment at 

0-19 dB 

Socio-

demographic 

Index 

Country 

covariate 

Prevalence 0.18 (0.066に
0.31) 

1.19 (1.07に1.37) 
 

 

Second, we ran five additional DisMod-MR 2.1 models for each severity levels of hearing loss above mild: 

moderate (35に49dB), moderately severe (50に64dB), severe (65に79dB), profound (80に94dB), and complete 

(95+). We then squeezed the prevalence estimates from these models to fit within the prevalence that 

were estimated for 35+dB in the first step. By the end of the second step, we had estimated prevalence 

of six severity levels of hearing loss, including mild (20に34dB). We also ran a DisMod-MR 2.1 model for the 

coverage of hearing aids, using (logged) lag distributed income (LDI) as a covariate.  

Third, we adjusted the prevalence of each severity level by accounting for hearing aids. We assumed the 

use of hearing aids reduced the severity by one level. Data obtained from the HUNT-2 study in Norway 

and NHANES provided detailed information on people with hearing aids, which was used to estimate the 

proportion of hearing aids for each severity level. We ran a logistic regression on age with binary 

indicators for severity levels and sex. We calculated country-specific hearing aid coverage by multiplying 

the severity-specific coverage in Norway by the ratio of hearing aid coverage in a given country to that of 

Norway for each age-sex. We shifted the identified fraction of people in each severity level a level below, 

except for profound and complete hearing loss, which we assumed were not correctable by hearing aids. 

This provided the adjusted prevalence of six severity levels of all-cause hearing loss. 

Fourth, we estimated the prevalence of hearing loss due to multiple causes: otitis media, congenital, 

meningitis (pneumococcal, H influenzae type B meningitis, meningococcal, and other bacterial), and age-

related and other causes not classified elsewhere. For congenital hearing loss, we assumed that all 

hearing losses occurring at the time of birth are of congenital nature. We assumed that all hearing loss 

due to otitis media is at the mild or moderate level. Up to the age of 20, we implemented proportional 

squeezes to scale cause-specific hearing loss prevalence to the total prevalence of each severity level. 

Above age 20, we subtracted the prevalence of congenital hearing loss, meningitis, and otitis from the 

total and called any remainder age-related and other hearing loss. Limitations in the model and 

underlying data for age-related and other hearing loss required such a step. Since we ensured that 

congenital prevalence was constant in each age group for every location, year, and sex combination after 

conducting the proportional squeeze, the sum of the prevalence of all hearing loss aetiologies sometimes 

exceeded the total prevalence of some severity levels. 

Finally, we estimated the percent of people experiencing tinnitus. The data used to model tinnitus were 

markedly different in GBD 2017 versus GBD 2016. Instead of using a consistent definition of a tinnitus 

case for each severity level as was done last year (ie, in GBD 2016, anyone experiencing ringing for at 

least five minutes per day was considered to be suffering from tinnitus, regardless of severity level), we 

used severity-specific definitions of tinnitus, which is more consistent with the health state descriptions. 

We determined the proportion of people suffering from tinnitus using data from NHANES years that 
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asked about the frequency each survey respondent heard ringing, roaring, and/or buzzing (1999, 2001, 

2003, and 2011に2012). We labeled anyone with mild hearing loss and ringing, roaring, or buzzing さat least 

once a monthざ as a mild hearing loss with tinnitus case. Anyone with moderate hearing through to severe 

hearing loss and ringing, roaring, or buzzing さ;デ ﾉW;ゲデ ﾗﾐIW ; dayざ was labelled as a moderate hearing loss 

┘ｷデｴ デｷﾐﾐｷデ┌ゲ I;ゲWく Aﾐ┞ﾗﾐW ┘ｷデｴ IﾗﾏヮﾉWデW ｴW;ヴｷﾐｪ ﾉﾗゲゲ ┘ｴﾗ ヴWゲヮﾗﾐSWS デｴ;デ デｴW┞ さ;ﾉﾏﾗゲデ ;ﾉ┘;┞ゲざ ｴ;S 
hearing loss was labelled as a complete hearing loss with tinnitus case. The effect of using the new 

definitions unsurprisingly increased the estimated proportion of tinnitus among those with mild hearing 

loss and decreased the estimated proportion of tinnitus among those with complete hearing loss. Using 

the data from NHANES, we calculated confidence intervals assuming a binomial distribution. We assumed 

the same distribution of tinnitus across all aetiologies of hearing loss.  
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YLD by 

sequela

Cause of Death/

Claims data 

proportions

Proportion Splits

Proportion Splits

Claims data 

proportions

Generate correction 

factor using U.S. 

proportions only

Apply correction 

factor to  

proportions of all 

locations except SSA 

Corrected 

Proportion of 

heart failure due 

to ischemic heart 

disease (SSA is 

uncorrected)

Cause of Death/

Claims data 

proportions

Proportion Splits

Cause of Death/

Claims data 

proportions

Proportion of 

heart failure due 

to 

cardiomyopathy 

sub-causes

Proportion of 

heart failure due 

to 

cardiopulmonary 

disease sub-

causes

Severity splits

MEPS

Meta-analysis of % 

asymp, mild, 

moderate, severe 

heart failure

Severity splits

MEPS

Meta-analysis of % 

asymp, mild, 

moderate, severe 

heart failure

Proportion of 

heart failure due 

to other heart 

disease sub-

causes

Multiply squeezed 

proportions by overall 

prevalence of heart 

failure not including 

Chagas, degenerative 

mitral valve disease,  

and calcific aortic valve 

disease

Severity splits

MEPS

Meta-analysis of % 

asymp, mild, 

moderate, severe 

heart failure

Severity splits

Regression of % 

mild, moderate, 

severe heart failure

MEPS

Prevalence of severe heart 

failure due to other endocrine

Prevalence of moderate heart 

failure due to other endocrine

Prevalence of mild heart failure 

due to other endocrine

Prevalence of controlled, 

medically managed heart 

failure due to other endocrine

Comorbidity 

correction 

(COMO)

Severity splits

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

MEPS

Meta-analysis of % 

asymptomatic, 

mild, moderate, 

severe heart failure 

Prevalence & incidence by 

location/year/age/sex for 

Heart failure due to 

degenerative mitral valve 

disease (modeled as part 

of degenerative mitral 

valve disease)

Subtract prevalence of heart 

failure due to Chagas, 

DMVD, and CAVD

Comorbidity 

correction 

(COMO)
Severity splits

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

MEPS

Meta-analysis of % 

asymptomatic, 

mild, moderate, 

severe heart failure

Prevalence & incidence by 

location/year/age/sex for 

Heart failure due to calcific 

aortic valve disease 

(modeled as part of calcific 

aortic valve disease)

Prevalence of severe heart 

failure due to Chagas

Prevalence of moderate heart 

failure due to Chagas

Prevalence of mild heart failure 

due to Chagas

Prevalence of controlled, 

medically managed heart 

failure due to Chagas

Prevalence of severe heart 

failure due to DMVD

Prevalence of moderate heart 

failure due to DMVD

Prevalence of mild heart failure 

due to DMVD

Prevalence of controlled, 

medically managed heart 

failure due to DMVD

Prevalence of severe heart 

failure due to IHD

Prevalence of moderate heart 

failure due to IHD

Prevalence of mild heart failure 

due to IHD

Prevalence of controlled, 

medically managed heart 

failure due to IHD

Prevalence of severe heart 

failure due to HHD

Prevalence of moderate heart 

failure due to HHD

Prevalence of mild heart failure 

due to HHD

Prevalence of controlled, 

medically managed heart 

failure due to HHD

Prevalence of severe heart 

failure due to RHD

Prevalence of moderate heart 

failure due to RHD

Prevalence of mild heart failure 

due to RHD

Prevalence of controlled, 

medically managed heart 

failure due to RHD

Prevalence of severe heart 

failure due to ILD

Prevalence of moderate heart 

failure due to ILD

Prevalence of mild heart failure 

due to ILD

Prevalence of controlled, 

medically managed heart 

failure due to ILD

Prevalence of severe heart 

failure due to asbestosis

Prevalence of moderate heart 

failure due to asbestosis

Prevalence of mild heart failure 

due to asbestosis

Prevalence of controlled, 

medically managed heart 

failure due to asbestosis

Prevalence of severe heart 

failure due to silicosis

Prevalence of moderate heart 

failure due to silicosis

Prevalence of mild heart failure 

due to silicosis

Prevalence of controlled, 

medically managed heart 

failure due to silicosis

Prevalence of severe heart 

failure due to CWPN

Prevalence of moderate heart 

failure due to CWPN

Prevalence of mild heart failure 

due to CWPN

Prevalence of controlled, 

medically managed heart 

failure due to CWPN

Prevalence of severe heart 

failure due to OTPN

Prevalence of moderate heart 

failure due to OTPN

Prevalence of mild heart failure 

due to OTPN

Prevalence of controlled, 

medically managed heart 

failure due to OTPN

Prevalence of severe heart 

failure due to COPD

Prevalence of moderate heart 

failure due to COPD

Prevalence of mild heart failure 

due to COPD

Prevalence of asymptomatic 

heart failure due to COPD

Prevalence of severe heart 

failure due to congenital heart

Prevalence of moderate heart 

failure due to congenital heart

Prevalence of mild heart failure 

due to congenital heart

Prevalence of controlled, 

medically managed heart 

failure due to congenital heart

Prevalence of severe heart 

failure due to thalassemia

Prevalence of moderate heart 

failure due to thalassemia

Prevalence of mild heart failure 

due to thalassemia

Prevalence of controlled, 

medically managed heart 

failure due to thalassemia

Prevalence of severe heart 

failure due to other anemias

Prevalence of moderate heart 

failure due to other anemias

Prevalence of mild heart failure 

due to other anemias

Prevalence of controlled, 

medically managed heart 

failure due to other anemias

Prevalence of severe heart 

failure due to G6PD deficiency

Prevalence of moderate heart 

failure due to G6PD deficiency

Prevalence of mild heart failure 

due to G6PD deficiency

Prevalence of controlled, 

medically heart failure due to 

G6PD deficiency

Prevalence of severe heart 

failure due to other CVD

Prevalence of moderate heart 

failure due to other CVD

Prevalence of mild heart failure 

due to other CVD

Prevalence of controlled, 

medically managed heart 

failure due to other CVD

Prevalence of severe heart 

failure due to other NRVD

Prevalence of moderate heart 

failure due to other NRVD

Prevalence of mild heart failure 

due to other NRVD

Prevalence of controlled, 

medically managed heart 

failure due to other NRVD

Prevalence of severe heart 

failure due to endocarditis

Prevalence of moderate heart 

failure due to endocarditis

Prevalence of mild heart failure 

due to endocarditis

Prevalence of controlled, 

medically managed heart 

failure due to endocarditis

Prevalence of severe heart 

failure due to alcoholic CMP

Prevalence of moderate heart 

failure due to alcoholic CMP

Prevalence of mild heart failure 

due to alcoholic CMP

Prevalence of controlled, 

medically managed heart 

failure due to alcoholic CMP

Prevalence of severe heart 

failure due to other CMP

Prevalence of moderate heart 

failure due to other CMP

Prevalence of mild heart failure 

due to other CMP

Prevalence of controlled, 

medically managed heart 

failure due to other CMP

Prevalence of severe heart 

failure due to myocarditis

Prevalence of moderate heart 

failure due to myocarditis

Prevalence of mild heart failure 

due to myocarditis

Prevalence of controlled, 

medically managed heart 

failure due to myocarditis

Prevalence of severe heart 

failure due to CAVD

Prevalence of moderate heart 

failure due to CAVD

Prevalence of mild heart failure 

due to CAVD

Prevalence of controlled, 

medically managed heart 

failure due to CAVD
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Proportion splits and correction factor estimation 

Proportion of HF due to 

IHD from Claims data

Generate correction factor

(Proportion of HF due to IHD in claims 

data/Proportion of HF due to IHD, 

squeezed DisMod output, US only)

Apply correction factor to proportions for all 

locations except SSA 

(multiply correction factor by the 

uncorrected estimated proportion)

Corrected Proportion 

of heart failure due to 

ischemic heart disease 

(SSA is uncorrected)

Proportion of heart 

failure due to ischemic 

heart disease

U.S. only

Proportion of heart 

failure due to ischemic 

heart disease

all locations except US, 

SSA

Proportion of heart 

failure due to ischemic 

heart disease

SSA only

Scale proportions to sum 

to one

Proportion of heart 

failure due to ischemic 

heart disease

Proportion of heart 

failure due to 

hypertensive heart 

disease

Proportion of heart 

failure due to 

rheumatic heart 

disease

Proportion of heart 

failure due to 

cardiomyopathy 

sub-causes

Proportion of heart 

failure due to 

cardiopulmonary 

disease 

sub-causes

Proportion of heart 

failure due to other 

heart disease 

sub-causes

Scaled proportion of 

heart failure due to 

ischemic heart disease

Scaled proportion of 

heart failure due to 

hypertensive heart 

disease

Scaled proportion of 

heart failure due to 

rheumatic heart 

disease

Scaled proportion of 

heart failure due to 

cardiomyopathy 

sub-causes

Scaled proportion of 

heart failure due to 

cardiopulmonary 

disease 

sub-causes

Scaled proportion of 

heart failure due to 

other heart disease 

sub-causes

Scale proportions to sum 

to one

Final proportion of 

heart failure due to 

ischemic heart disease

Final proportion of 

heart failure due to 

hypertensive heart 

disease

Final proportion of 

heart failure due to 

rheumatic heart 

disease

Final proportion of 

heart failure due to 

cardiomyopathy 

sub-causes

Final proportion of 

heart failure due to 

cardiopulmonary 

disease 

sub-causes

Final proportion of 

heart failure due to 

other heart disease 

sub-causes

 

Input data ProcessResultsDatabase

Cause of death Nonfatal Disability weights

Burden estimation Covariates  

 

Case definition  

Heart failure was diagnosed clinically using structured criteria such as the Framingham or European 

Society of Cardiology criteria. Previous iterations of GBD modelled symptomatic (ie, NYHA Class II and 

above) episodes of HF only. Beginning in GBD 2016, we used ACC/AHA Stage C and above to capture both 

persons who are currently symptomatic and those who have been diagnosed with heart failure but are 

currently asymptomatic. 

 

Framingham Criteria (1): Must fulfill two major criteria or one major and two minor criteria. 

Major criteria: Paroxysmal nocturnal dyspnoea, neck vein distention, rales, radiographic cardiomegaly, 

acute pulmonary oedema, S3 gallop, increased central venous pressure (>16 cm H2O at right atrium), 

hepatojugular reflux; weight loss >4.5 kg in 5 days in response to treatment  

Minor criteria: bilateral ankle oedema, nocturnal cough, dyspnoea on ordinary exertion, hepatomegaly, 

pleural effusion, decrease in vital capacity by one-third from maximum recorded, tachycardia (heart 

rate>120 beats/min).  

 

European Society of Cardiology (2):  

Typical signs (elevated jugular venous pressure, pulmonary crackles and peripheral oedema) and 

symptoms (eg, breathlessness, ankle swelling, and fatigue) caused by a structural and/or functional 

cardiac abnormality, resulting in a reduced cardiac output and/or elevated intracardiac pressures at rest 

or during stress. 

 

Input data  

Model inputs  

A systematic review was not performed for GBD 2017, but was for GBD 2016. The search terms used 

were: "heart failure"[TIAB] AND (epidemiology[MeSH Terms] OR prevalence[TIAB] OR incidence[TIAB] OR 

ﾏﾗヴデ;ﾉｷデ┞ぷTIABへぶ AND ふゎヱΓΓヰっヰヱっヰヱゎぷPDATへ ぎ ゎヲヰヱヶっヰΓっヰヲゎぷPDATへぶ NOT さ;ﾐｷﾏ;ﾉ ﾏﾗSWﾉざ NOT ヴ;デ NOT 
ﾏｷIW NOT Sｷ;HWデWゲぷTIABへ NOT さヴWﾐ;ﾉ デヴ;ﾐゲヮﾉ;ﾐデざぷTIABへく The dates of the search were 01/01/1990 through 

09/02/2016. 37,891 initial hits were returned, and 57 sources were added. An unstructured review of the 

791



585 

literature yielded an additional 30 sources, of which six were extracted. Prior to GBD 2016, a systematic 

review of the literature had not been performed since the GBD 2010 study.  

 

The tables below show the number of site-years and types of data included in the estimation process. 

 

Overall heart failure prevalence    
Case fatality 

rate 

Incidence Mortality risk Prevalence 

Site-years (total) 58 46 115 1234 

Number of countries with data 18 14 24 38 

Number of GBD regions with data 

(out of 21 regions) 

8 6 11 12 

Number of GBD super-regions with 

data (out of 7 super-regions) 

5 4 7 6 

 

Heart failure due to ischaemic heart disease   
Proportion 

Site-years (total) 74 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Heart failure due to hypertensive heart disease   
Proportion 

Site-years (total) 52 

Number of countries with data 33 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Heart failure due to rheumatic heart disease   
Proportion 

Site-years (total) 11 

Number of countries with data 9 

Number of GBD regions with data (out of 21 regions) 6 

Number of GBD super-regions with data (out of 7 super-regions) 4 

 

Heart failure due to cardiomyopathy   
Proportion 

Site-years (total) 53 

Number of countries with data 39 

Number of GBD regions with data (out of 21 regions) 15 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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Heart failure due to cardiopulmonary disease   
Proportion 

Site-years (total) 63 

Number of countries with data 45 

Number of GBD regions with data (out of 21 regions) 16 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Severity split inputs  

The table below includes lay descriptions and disability weights for the severity levels of heart failure for  

GBD 2016.  

Severity level  Lay description  DW (95% CI) 

Controlled, 

medically 

managed 

Has been diagnosed with clinical heart failure, a chronic 

disease that requires medication every day and causes some 

worry but minimal interference with daily activities. 

0.012 

(0.006-0.023) 

Mild  Is short of breath and easily tires with moderate physical 

;Iデｷ┗ｷデ┞が ゲ┌Iｴ ;ゲ ┘;ﾉﾆｷﾐｪ ┌ヮｴｷﾉﾉ ﾗヴ ﾏﾗヴW デｴ;ﾐ ; ケ┌;ヴデWヴどﾏｷﾉW ﾗﾐ 
level ground. The person feels comfortable at rest or during 

activities requiring less effort.  

0.041 

(0.026に0.062) 

Moderate  Is short of breath and easily tires with minimal physical activity, 

such as walking only a short distance. The person feels 

comfortable at rest but avoids moderate activity.  

0.072 

(0.047に0.103) 

Severe  Is short of breath and feels tired when at rest. The person 

avoids any physical activity, for fear of worsening the breathing 

problems.  

0.179 

(0.122に0.251) 

 

Modelling strategy   

The general analytical strategy included estimating the overall prevalence of heart failure using DisMod-

MR 2.1, followed by ; ﾏ┌ﾉデｷどゲデWヮ ;ﾐ;ﾉ┞ゲｷゲ ﾗa ヮ┌HﾉｷゲｴWS ﾉｷデWヴ;デ┌ヴWが claims data, and cause of death data to 

estimate the aetiological fraction for each cause of heart failure. The latter process includes an initial 

;ゲゲWゲゲﾏWﾐデ ﾗa デｴW aヴ;Iデｷﾗﾐ ﾗa ｴW;ヴデ a;ｷﾉ┌ヴW I;ゲWゲ ;デデヴｷH┌デ;HﾉW デﾗ W;Iｴ ﾗa デｴW ｴｷｪｴどﾉW┗Wﾉ ヮ;ヴWﾐデ I;┌ゲW 
groupings, followed by further division into the detailed causes within each of these groupings, and finally 

a correction factor applied to adjust these proportions. The selection for aetiological causes was based on 

a review of the literature and expert opinion regarding diseases that lead to congestive heart failure. 

  

We first estimated an overall prevalence of AHA/ACC stage C or D heart failure using literature data, 

hospital data, and claims data. Inpatient hospital data were corrected for readmission, primary to any 

diagnosis, and inpatient to outpatient utilisation ratios using adjustment factors calculated from 

individual-level claims data. We included covariates in DisMod to adjust US claims data and ICPC-coded 

data from Norway, using as reference literature data and inpatient hospital data. 

We set a prior of no remission and capped excess mortality at 1. 
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Estimates for the prevalence of heart failure due to Chagas, degenerative mitral valve disease, and calcific 

aortic valve disease were generated separately as part of the modelling strategy for those causes. We 

subtracted the prevalence of heart failure due to these causes from the overall heart failure estimates to 

give an adjusted prevalence of heart failure due to all other aetiologies.  

 

Our estimation of the aetiological causes of heart failure makes several assumptions and has several 

limitations. First, we assume that each case of heart failure only has one cause. Second, we rely on claims 

data from the United States, the only country where detailed person-level claims data were available, to 

assess the association between heart failure and underlying aetiologies. Third, we rely on mortality 

estimates due to these underlying causes (regardless of heart failure) to estimate their contribution to 

heart failure deaths in countries where detailed person-level claims data are not yet available. Fourth, we 

utilise the association between claims data and death certificate data in the United States to adjust for 

the differences in coding for ischaemic heart disease, the most common cause of heart failure globally, in 

claims data versus death certificates. This approach allows us to produce estimates for all locations and 

can be updated to include more detailed health record and claims data from additional locations as they 

become available. 

 

To estimate the aetiological fractions for each cause, we calculated the proportion of people with a 

diagnosis of one of the underlying causes of heart failure who also had a diagnosis of heart failure listed 

using claims data from the United States. These proportions were then multiplied by ;ｪWどが ゲW┝どが ;ﾐS 
ﾉﾗI;デｷﾗﾐどゲヮWIｷaｷI SW;デｴゲ ふヮﾗゲデ CﾗDCﾗヴヴWIデぶ デﾗ ┞ｷWﾉS ;ﾐ ﾗ┗Wヴ;ﾉﾉ ﾐ┌ﾏHWヴ aﾗヴ W;Iｴ ┌ﾐSWヴﾉying cause of heart 

failure. We then divided these cause-specific totals by the sum of deaths for all aetiologies in order to 

yield a proportion of deaths due to heart failure for each cause. These proportions, along with literature 

data, were used to inform DisMod-MR 2.1 models for the six broadest and mutually exclusive and 

collectively exhaustive cause groupings: ischaemic heart disease, hypertensive heart disease, 

cardiomyopathy and myocarditis, rheumatic heart disease, cardiopulmonary disease, and other 

cardiovascular and circulatory diseases. An exception to this approach was made for sub-Saharan Africa, 

where we excluded the proportion estimates generated from claims and death data, relying instead on 

published literature to determine the proportions of heart failure aetiologies. This decision was based on 

expert opinion that local patterns differed significantly from what would have been determined from 

Iﾉ;ｷﾏゲ ;ﾐS SW;デｴ S;デ;く TｴW THE“U“どHF ゲデ┌S┞, a large-scale, prospective, echocardiographic study of heart 

failure aetiologies in multiple African countries, provided these proportions (3). The results of these six 

proportion models were scaled to sum to one. 

 

For heart failure due to cardiopulmonary disease, heart failure due to cardiomyopathy and myocarditis, 

and heart failure due to other causes, we calculated the proportion for each sub-cause according to the 

proportion of that cause within each larger aggregate group. 

 

After the initial splitting and scaling steps, we compared the estimated proportions for the United States 

with the proportions originally calculated from the USA claims data. The estimated proportion of HF due 

to IHD was much higher than the proportion of HF due to IHD in the claims data. This difference was due 

to the large number of IHD deaths not related to heart failure. In order to correct this over-estimation, 

we generated a correction factor for HF due to IHD by taking the proportion of HF due to IHD from the 

claims data and dividing it by the proportion of HF due to IHD from the scaled DisMod results. We then 

multiplied the proportion of HF due to IHD from the scaled DisMod results by this correction factor for all 

locations except sub-Saharan Africa. Since echocardiographic evidence rather than claims data were used 
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to model HF aetiology proportions in sub-Saharan Africa, we did not adjust the estimated proportion of 

HF due to IHD for this super-region. In the next step, after the proportion of HF due to IHD has been 

corrected, the proportions were all rescaled to sum to one. These final scaled proportions were then 

multiplied by the overall HF envelope (after adjustment) to yield prevalence estimates of HF due to all 

aetiologies. 

 

These estimates were then split into asymptomatic, mild, moderate, and severe heart failure based on an 

analysis of MEPS data, with the exception of Chagas disease. For that aetiology, we based the severity 

splits on a meta-analysis of NYHA class among persons diagnosed with heart failure due to Chagas disease 

in areas where Chagas is endemic. 

 

Models were evaluated based on expert opinion, comparison of results with other rounds of GBD, and 

model fit.  

 

Overall heart failure impairment envelope  

Study covariate  Parameter  beta Exponentiated beta 

MarketScan (USA claims) Prevalence -0.4 (-0.43 to -0.4) 0.67 (0.65に0.67) 

Outpatient (ICPC, Norway) Prevalence -1 (-1 to -1) 0.37 (0.37に0.37) 

Lﾗｪどデヴ;ﾐゲaﾗヴﾏWS ;ｪW-

standardised SEV scalar: CVD 

Prevalence 0.75 (0.75に0.77) 2.38 (2.21に2.53) 

 

LDI (I$ per capita) Excess mortality rate -0.3 (-0.5 to -0.1) 

 

0.74 (0.61に0.90) 

 

Six main sub-cause proportion envelopes  

Sub-cause  Covariate  Parameter  beta 

Exponentiated 

beta 

Heart failure due to 

cardiomyopathy 

impairment envelope  

Lﾗｪどデヴ;ﾐゲaﾗヴﾏWS 
age-standardised 

SEV scalar: CMP  

Proportion  
0.75 

(0.75に0.75) 

2.12 

(2.12に2.12) 

Heart failure due to 

cardiopulmonary 

disease impairment 

envelope  

Lﾗｪどデヴ;ﾐゲaﾗヴﾏWS 
age-standardised 

SEV scalar: Chr Resp  

Proportion  

0.75 

(0.75に0.77) 

 

2.13 

(2.12に2.15) 

 

Heart failure due to 

hypertensive heart 

disease impairment 

envelope 

Systolic blood 

pressure (mmHg)  
Proportion  

2.6E-5 

 (3.E-6 to 4.7E-5) 

 

1.00 

(1.00に1.00) 

 

Heart failure due to 

ischaemic heart disease 

impairment envelope  

Lﾗｪどデヴ;ﾐゲaﾗヴﾏWS 
age-standardised 

SEV scalar: IHD  

Proportion  

0.75 

(0.75に0.75) 

 

2.12 (2.12に2.12) 

 

Heart failure due to 

other causes 

impairment envelope  

Lﾗｪどデヴ;ﾐゲaﾗヴﾏWS “EV 
scalar: Oth Cardio  

Proportion  
0.75  

(0.75に0.75) 

2.12 

(2.12に2.13) 
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Heart failure due to 

valvular heart disease 

impairment envelope  

Lﾗｪどデヴ;ﾐゲaﾗヴﾏWS 
age-standardised 

SEV scalar: CVD  

Proportion  
0.75 

(0.75に0.75) 

2.12 

(2.12に2.12) 

 

For GBD 2017, we estimated the prevalence of heart failure due to degenerative mitral valve disease, 

calcific aortic valve disease, and other non-rheumatic valve disease as distinct aetiologies. In previous 

iterations, these had been collapsed as part of the other cardiovascular disease category. We eliminated 

iron-deficiency anaemia and iodine deficiency as aetiologies of heart failure after review of the scientific 

literature. No other significant changes were made to the modelling strategy for GBD 2016. 
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Case definition and modelling summary 
For GBD 2017, the following case definitions were used for infertility: 

1. Primary infertility is defined as a couple who have not had a livebirth, who wish a child, and have 

been in a union for more than five years without using contraceptives.  

 

2. Secondary infertility is defined in a couple who wish a child and have been in a union for more 

than five years without using contraceptives since the last livebirth. 

 

Estimation is completed in three steps. First, we estimate total primary (unable to have any child) and 

secondary (unable to have an additional child) infertility in couples. This is accomplished by first 

quantifying the rate of infertility among survey respondents who are married (the subset to whom such 

questions are directed) and then quantifying how the married population relates to the overall 

population. Second, we model which proportion of primary and secondary infertility is due to female and 

ﾏ;ﾉW a;Iデﾗヴゲが ヴWゲヮWIデｷ┗Wﾉ┞が デﾗ Wゲデｷﾏ;デW aﾗ┌ヴ さWﾐ┗WﾉﾗヮWゲざ ﾗa ｷﾐaWヴデｷﾉｷデ┞ぎ ﾏ;ﾉW ヮヴｷﾏ;ヴ┞ ｷﾐaWヴデｷﾉｷデ┞が ﾏ;ﾉW 
secondary infertility, female primary infertility, and female secondary infertility. Third, we execute a 

さI;┌ゲ;ﾉ ;デデヴｷH┌デｷﾗﾐざ ヮヴﾗIWゲゲ デﾗ ;ゲゲｷｪn cases of each envelope to likely underlying causes and assign the 

remainder to idiopathic infertility (ie, unknown causes).  

Input data 

Our primary data sources are population surveys. The datasets were last updated for GBD 2015. Data 

extraction included data for women in five-year age groups between 15 and 49 from population-based 

surveys including the Demographic and Health Surveys (DHS), World Fertility Surveys (WFS), Reproductive 
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Health Surveys (RHS), Family and Fertility Survey (FFS), and others (EUR, NSF, PCD, PFM). Such surveys 

only ask fertility-related questions to married women. Even though only women are interviewed, we 

treated the responses as a proxy for the infertility of couples in unions because the questions are not 

structured in a way that it is possible to determine which partner is the cause of the Iﾗ┌ヮﾉWゲげ ｷﾐ;Hｷﾉｷデ┞ デﾗ 
conceive a child. The desire to have a child is the crucial determinant of whether a couple is labeled as 

infertile (ie, if no child is wanted, infertility is not present).  

The combination of variables in surveys that were used to construct each of the four datasets (primary 

さimpairmentざ ;ﾐS さW┝ヮﾗゲ┌ヴWざ ;ﾐS ゲWIﾗﾐS;ヴ┞ さimpairmentざ ;ﾐS さW┝ヮﾗゲ┌ヴWざ) are illustrated in the table 

below. As described below, overall primary and secondary infertility are estimated by multiplying 

prevalence among デｴﾗゲW ┘ｷデｴ デｴW さｷﾏヮ;ｷヴﾏWﾐデざ ﾗa ｷﾐaWヴデｷﾉｷデ┞ ふﾏ;ヴヴｷWS ┘ﾗﾏWﾐ ┘ｴﾗ SWゲｷヴW ;ぷﾐﾗデｴWヴへ IｴｷﾉSぶ 
by the ヮヴW┗;ﾉWﾐIW ﾗa デｴW さexposureざ ふHWｷﾐｪ ﾏ;ヴヴｷWS aﾗヴ 5+ years, not using contraception for 5+ years).  

Model name Infertility type Numerator Denominator 

Primary 

(impairment) 

Exposure to primary infertility 

among married women  

Married 5+ years; no contraception 

for 5+ years prior to survey; no 

previous births; desires a child.  

Married 5+ years 

Primary 

(exposure) 
Prevalence of exposure  

Married 5+ years; no contraception 

for 5+ plus years prior to survey 
All women 

Secondary 

(impairment) 

Exposure to secondary infertility 

among married women 

Married 5+ years; no contraception 

for 5+ years prior to survey; last birth 

5+ years ago; desires a child.  

Married 5+ years; 

1+ children 

Secondary 

(exposure) 

Prevalence of exposure to 

secondary infertility  

married 5+ years; no contraception for 

5+ years prior to survey; 1+ children  
All women  

 

The table below illustrates the extent of data coverage for the infertility envelope models for GBD 2017.  

Primary infertility impairment Prevalence 

Site-years (total) 325 

Number of countries with data 113 

Number of GBD regions with data (out of 21 regions) 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Primary infertility exposure Prevalence 

Site-years (total) 274 

Number of countries with data 101 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Secondary infertility impairment Prevalence 

Site-years (total) 327 

Number of countries with data 112 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Secondary infertility exposure Prevalence 

Site-years (total) 274 

Number of countries with data 101 

Number of GBD regions with data (out of 21 regions) 17 

Number of GBD super-regions with data (out of 7 super-regions) 7 
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The second set of four datasets informed estimates of which component of primary and secondary 

infertility were due to female and male factors, respectively. To obtain data on the sex and cause 

breakdown for infertility, we systematically searched the literature in GBD 2010 using the following 

search string:  

causes[Title/abstract] AND infertility[Title] NOT mouse NOT murine NOT rat NOT rodent  

We received 626 hits from PubMed and excluded studies according to the following exclusion criteria:  

1. studies not representative of the national population;  

2. studies that provide no raw data,  

3. studies that provide only estimates;  

4. studies performed before 1970;  

5. case studies or studies with sample size less than 50;  

6. studies that provide no data on the sex of the partner responsible for infertility among 

couples.  

The majority of excluded studies were excluded because of the latter criterion. In total, 15 studies were 

included in our analysis for the sex breakdown among infertile couples. Infertility among couples was 

reported as due to one of the following causes: male factor, female factor, both, or unknown. Couples 

with infertility due to both partners were allocated to both male factor and female factor, and couples 

with infertility of unknown cause were allocated to male and female factors based on the proportion 

observed in other couples in the study. We estimated the proportion of Iﾗ┌ヮﾉWゲげ ｷﾐaWヴデｷﾉｷデ┞ S┌W デﾗ ﾏ;ﾉW 
factors and female factors separately in DisMod-MR 2.1. The quantity modelled was the proportion of 

Iﾗ┌ヮﾉWゲげ ｷﾐaWヴデｷﾉｷデ┞ S┌W デﾗ W;Iｴ ゲW┝ for each of primary and secondary infertility. The table below shows 

the dataset contents for these four models, each of which used the same set of sources.  

Proportion sex-specific primary and secondary infertility Proportion 

Site-years (total) 19 

Number of countries with data 15 

Number of GBD regions with data (out of 21 regions) 8 

Number of GBD super-regions with data (out of 7 super-regions) 6 

 

Modelling strategy  

For GBD 2017, we estimated the prevalence of primary and secondary infertility by sex and cause in three 

steps: 1) estimation of couplesげ infertility [four DisMod-MR 2.1 models], 2) estimation of infertility by sex 

[four DisMod-MR 2.1 models], and 3) causal attribution of infertility. We assumed zero infertility prior to 

age 15 or after age 50 years as fertility is not expected to be desired outside these age ranges in women; 

an assumption that was therefore carried over to men as well. All DisMod-MR 2.1 models were run as 

single parameter models. No study or country covariates were used in any models.   

 

Eゲデｷﾏ;デｷﾗﾐ ﾗa Iﾗ┌ヮﾉWゲげ ｷﾐaWヴデｷﾉｷデ┞  
To estimate the prevalence of primary and secondary infertility among couples, we first run four DisMod-

MR 2.1 models to estimate the four parameters detailed above, prevalence of primary infertility (1), 

prevalence of primary infertility exposure (2), prevalence of secondary infertility (3), and prevalence of 

secondary infertility exposure (4). For prevalence of infertility (models 1 and 3), we tried using the natural 

log of the age-standardised death rate (lnASDR) of sexually transmitted infections (STIs), but it was not 

statistically significant so we did not use it in the final model. We did not use any study- or country-level 

covariates for these models. Next, we estimated primary and secondary couplesげ ｷﾐaWヴデｷﾉｷデ┞ aヴﾗﾏ DｷゲMﾗS-
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MR 2.1 models by multiplying the estimates for prevalence of infertility among exposed women by the 

prevalence of exposure to infertility to obtain prevalence of infertility among all women and all men. 

 

Estimation of infertility by sex  

 

After running the four models estimating overall infertility, described above, we ran four DisMod-MR 2.1 

models to estimate the proportion of primary and secondary infertility by sex, proportion of primary 

female infertility, proportion of secondary female infertility, proportion of primary male infertility, and 

proportion of secondary male infertility. We model sex-specific infertility as a proportion. Because 

infertility in some couples is attributable to both partners rather than just one, the sum of the 

proportions due to each partner is greater than one when both partners are infertile. When the sum of 

the proportions is lower than one, we scale it to be equal to one through custom code. Again, we tried 

using lnASDR of STIs as a covariate, but it was not statistically significant so we did not use it in the final 

model. We did not use any study- or country- level covariates for these models. We multiplied our 

prevalence of primary and secondary infertility derived in step 1 by the proportion due to male and 

female factors to estimate primary and secondary infertility by sex.  

 

Causal attribution  

There are seven identified causes of female infertility in the GBD 2017 cause list: pelvic inflammatory 

disease (PID) due to chlamydia, PID due to gonorrhoea, PID due to other sexually transmitted diseases, 

maternal sepsis, polycystic ovarian syndrome, endometriosis, and Turner syndrome. For each of these 

diseases, we determined the prevalence of infertility by a literature review of the probability of becoming 

infertile due to that disease. For STIs, we applied a proportion with infertility derived from Westrom and 

colleagues1 to incident cases of PID and used DisMod-MR 2.1 to calculate corresponding prevalence for 

each subsequent age group through the fertile years, assuming zero remission or excess mortality. For 

the others, we added all the disease-specific estimates of prevalence and assigned the remaining 

ヮヴﾗヮﾗヴデｷﾗﾐ デﾗ I;デWｪﾗヴｷWゲ ﾗa さaWﾏ;ﾉW ヮヴｷﾏ;ヴ┞ ｷﾐaWヴデｷﾉｷデ┞ S┌W デﾗ ﾗデｴWヴ I;┌ゲWゲざ ;ﾐS さaWﾏ;ﾉW ゲWIﾗﾐS;ヴ┞ 
infertility due to other causes.ざ WW ;ゲゲ┌ﾏWS ;ﾉﾉ ｷﾐaWヴデｷﾉｷデ┞ aヴﾗﾏ T┌ヴﾐWヴ ゲ┞ﾐSヴﾗﾏW ｷゲ ヮヴｷﾏ;ry infertility and 

all infertility following maternal sepsis is secondary infertility. The only recognised cause of male infertility 

in the GBD 2017 cause ﾉｷゲデ ｷゲ KﾉｷﾐWaWﾉデWヴ ゲ┞ﾐSヴﾗﾏWく WW ;ゲゲｷｪﾐWS ;ﾉﾉ ﾗデｴWヴ ﾏ;ﾉW ｷﾐaWヴデｷﾉｷデ┞ デﾗ さﾏ;ﾉW 
infertility due to other causes.ざ 

Sequelae/disability weights 

Every person with infertility was assumed to experience the health state as determined from the GBD 

disability weights survey. The lay descriptions of primary and secondary are listed below.  

Health state name Health state description Disability weight 

Infertility, primary 
This person wants to have a child and has a fertile partner, but the 

couple cannot conceive. 

0.008 

(0.003に0.015) 

Infertility, secondary 
This person has at least one child, and wants to have more children. 

The person has a fertile partner, but the couple cannot conceive.  

0.005 

(0.002に0.011) 

 

References 

1 Weström L, Joesoef R, Reynolds G, Hagdu A, Thompson SE. Pelvic inflammatory disease and fertility. A 

cohort study of 1,844 women with laparoscopically verified disease and 657 control women with normal 

laparoscopic results. Sex Transm Dis 1992; : 185に92. 
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Developmental intellectual disability 
 

Flowchart 

 

 

Case definition 

Developmental intellectual disability (ID) is a condition of below-average intelligence or mental ability. 

Consistent with the American Association on Intellectual and Developmental Disabilities, we define 

developmental intellectual disability as a condition originating before age 18 (thus, does not include 

ｷﾏヮ;ｷヴﾏWﾐデ S┌W デﾗ ゲデヴﾗﾆWが Aﾉ┣ｴWｷﾏWヴげゲ disease, or other conditions). We model the severities shown in 

Table 1, as measured by score on intelligence quotient (IQ) tests, which are standardised to have a mean 

of 100. 

 

Table 1. ID severity definitions 

Severity of intellectual disability  score 

Profound 0 to 19 

Severe 20 to 34 

Moderate  35 to 49 

Mild  50 to 69 

Borderline  70 to 85 

 

Input data 

Model inputs 
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The prevalence of intellectual disability (IQ score <70) came from a systematic review starting on January 

1, 1990, using the following search string: (((intellectual disability[MeSH Terms]) AND 

prevalence[Title/Abstract]) AND ('1990'[Date - Publication] : '3000'[Date - Publication])). 

 

For GBD 2015, this search had 2,115 hits, of which 13 were extracted that had not been previously 

included in the GBD. We included studies that estimate the general population prevalence of intellectual 

disability. We excluded studies that did not use a case definition based on intelligence quotient (IQ) and 

studies that investigated non-representative groups, like hospital patients or people of a specific 

ethnicity. This systematic review was updated for GBD 2016. 

 

Counts of unique input data sources for the intellectual disability envelope model are shown in Table 2. 

 

Table 2. Input source counts 
 Prevalence 

Site-years (total) 86 

Number of countries with data 31 

Number of GBD regions with data 

(out of 21 regions) 
10 

Number of GBD super-regions with 

data (out of 7 super-regions) 
6 

 

Severity splits に disability weights 

Table 3. Intellectual disability severity disability weights 

Health state Description Disability weight 

Borderline intellectual 

functioning 

This person is slow in learning at school. As an adult, the person 

has some difficulty doing complex or unfamiliar tasks but 

otherwise functions independently. 

0.011 

(0.005に0.02) 

Intellectual 

disability/mental 

retardation, mild 

This person has low intelligence and is slow in learning at school. 

As an adult, the person can live independently, but often needs 

help to raise children and can only work at simple supervised jobs. 

0.043 

(0.026に0.064) 

Intellectual 

disability/mental 

retardation, moderate 

This person has low intelligence, and is slow in learning to speak 

and to do even simple tasks. As an adult, the person requires a lot 

of support to live independently and raise children. The person 

can only work at the simplest supervised jobs. 

0.1 

(0.066に0.142) 

Intellectual 

disability/mental 

retardation, severe 

This person has very low intelligence and cannot speak more than 

a few words, needs constant supervision and help with most daily 

activities, and can do only the simplest tasks. 

0.16 

(0.107に0.226) 

Intellectual 

disability/mental 

retardation, profound 

This person has very low intelligence, has almost no language, and 

does not understand even the most basic requests or instructions. 

0.2 

(0.133に0.283) 
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The person requires constant supervision and help for all 

activities. 

 

Modelling strategy  

We modelled the prevalence of intellectual disability (ID), both aetiology-specific IDs and idiopathic ID, 

over multiple steps.  

 

First, we ran a DisMod-MR 2.1 model to estimate the total prevalence of intellectual disability of level IQ 

<70. We included lag-distributed income and education in the model as predictive covariates. Table 4 

shows raw and exponentiated model coefficients for the covariates used in the estimation process for the 

DisMod model. Exponentiated coefficients can be interpreted as odds ratios. 

 

Table 4. Model coefficient values (raw and exponentiated) 

Covariate Parameter Coefficient (95% CI) 
Exponentiated 

coefficient (95% CI) 

Lagged distributed income (LDI) 

per capita 
Prevalence -0.25 (-0.44 to -0.068) 0.78 (0.65に0.93) 

Underweight (proportion less 

than 2 SD below the mean weight 

for age in children under 5) 

Prevalence 1.27 (0.09に2.85) 3.57 (1.09に17.34) 

Sex Prevalence 0.28 (0.12に0.44) 1.32 (1.13に1.55) 

 

Second, we split the total prevalence of idiopathic into four severity levels: mild (IQ 50-69), moderate (IQ 

35-49), severe (IQ 20-34), and profound (IQ below 20). We pooled a subset of studies that distinguished 

intellectual disability by these severity levels. We used cumulative severity levels (ie, IQ <50, IQ <35, and 

IQ <20) to maximise デｴW ﾐ┌ﾏHWヴ ﾗa ゲﾗ┌ヴIWゲく WW Wゲデｷﾏ;デWS デｴWゲW I┌ﾏ┌ﾉ;デｷ┗W ゲW┗WヴｷデｷWゲげ ヮヴﾗヮﾗヴデｷﾗﾐ ﾗa デｴW 
<70 envelope via random effects meta-analyses stratified by two levels of income status (high-income 

versus low- and middle-income). These proportions were used to estimate discrete severities from the 

overall intellectual disability (IQ <70) prevalence. We estimated borderline disability (IQ 70-84) via 

another random-effects meta-analysis of the ratio of IQ 70-84 to IQ <70. The uncertainty of the pooled 

fractions and ratios were propagated throughout our calculations using 1,000 draws from a normal 

distribution with mean and standard error estimated by the meta-analysis. The results of the meta-

analysis are shown in Table 5. 

 

Table  Proportion intellectual disability cases by severity 

Severity  Mean Standard error 

None 0.161 0.034 

Borderline 0.161 0.034 

Mild 0.375 0.037 

Moderate 0.190 0.031 
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Severe 0.090 0.177 

Profound 0.024 0.134 

 

Third, we estimated prevalence of each aetiology-specific intellectual disability using models of the 

following parent causes. Since we are modelling only developmental intellectual disability, causes such as 

ゲデヴﾗﾆW ;ﾐS Aﾉ┣ｴWｷﾏWヴげゲ disease are not included in the causal attribution process.  

 

Parent causes included in causal attribution: 

o Neonatal preterm birth complications (<28w, 28-32w, 32-36w) 

o Neonatal encephalopathy due to birth asphyxia and trauma 

o Congenital birth defects (diaphragmatic hernia, cardiovascular anomalies) 

o Haemolytic disease and other neonatal jaundice 

o Meningitis (pneumococcal, H influenzae type B, meningococcal, other bacterial) 

o Encephalitis 

o Malaria 

o Neonatal tetanus 

o Neonatal sepsis and other neonatal infections 

o Iodine deficiency 

o African trypanosomiasis 

o Down syndrome 

o Klinefelter syndrome 

o Chromosomal abnormalities (unbalanced rearrangements, Down syndrome, Edwards syndrome, Patau 

syndrome, other chromosomal abnormalities) 

o Neural tube defects (eg, spina bifida, encephalocele) 

o Hypertensive disorders of pregnancy (eclampsia, preeclampsia) 

o Autism spectrum disorders (ASD) 

o Fetal alcohol syndrome 

 

For autism spectrum disorders (ASD), we identified six studies reporting severity of intellectual disability. 

We conducted a meta-analysis to produce a severity distribution which we applied to the prevalence of 

autism to produce severity-specific ID due to autism.  

 

We calculated the prevalence of idiopathic ID by subtracting all severity- and aetiology-specific ID from 

the severity-specific envelope assuming the residuals to represent idiopathic disability. If the residual was 

less than 5% of the severity-specific envelope, the prevalence of all aetiology-specific ID was 

proportionally squeezed to fit within 95% of the envelope, leaving 5% for idiopathic ID. 

 

As we estimated the prevalence of individual aetiology-specific ID by models from the respective parent 

causes, the squeezing may result in a distorted balance of prevalence estimates within their parent 

causes. With the aim to maintain consistencies of prevalence within each of the parent causes, we added 

the difference between the original and the squeezed prevalence estimates to the さmotor impairmentざ 

sequela if the squeezed sequela represented さmotor and cognitive impairment.ざ For autism, we obtained 

the fraction of cases that result in ID from literature (0.29; 95% CI 0.27に0.30) and applied this fraction to 
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the subtraction and squeezing processes. We assume all ID cases due to iodine deficiency (cretinism) to 

result in either severe or profound disability, and Klinefelter syndrome cases that result in ID will have 

either borderline or mild severity. 

 

In GBD 2013, all aetiology-specific models were squeezed into the overall (IQ <70) envelope. In GBD 2015, 

2016, and 2017, we squeezed each model into its discrete severity envelope. 
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Pelvic inflammatory disease (PID) impairment 
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Case definition 

Pelvic inflammatory disease (PID) is an infection of the female reproductive organs presenting as a 

complication of infection by a sexually transmitted disease. It can irreversibly damage the uterus, 

fallopian tubes, or other parts of the female reproductive system, leading to infertility.  

 

Input data 

 Model inputs 

A systematic review was completed for GBD 2013 on October 28, 2013, using the following search terms:   

o (("pelvic inflammatory disease"[Title/Abstract] OR "salpingitis"[Title/Abstract]) AND 

ふさヱΓΓヴざぷD;デW に P┌HﾉｷI;デｷﾗﾐへ ぎ さヲヰヱンざぷD;デW に Publication])) 

 

In addition, we included studies with confirmed clinical diagnosis in general population.  

 

No systematic review was conducted for GBD 2017. Updates to systematic reviews are performed on an 

ongoing schedule across all GBD causes, and an update for PID will be performed in the next one to two 

iterations. 

 

Inpatient and outpatient MarketScan data were extracted as incidence rates, as per the ICD codes above. 

We also extracted inpatient hospital data and employed two crosswalks derived from MarketScan data. 

First, we adjusted hospital inpatient data using a ratio of primary diagnoses for PID to all diagnoses, since 

the sexually transmitted disease (rather than PID, the consequent syndrome) may appear as the primary 

diagnosis. Second, we adjusted using a ratio of inpatient/outpatient diagnoses, since not all PID must be 

treated in an inpatient facility. The result is an estimate of total PID incidence.  
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PID incidence input data  

 

The table below illustrates the data sources used in GBD 2017: 

 

 Incidence 

Site-years (total) 1270 

Number of countries with data 33 

Number of GBD regions with data (out of 21 regions) 12 

Number of GBD super-regions with data (out of 7 super-

regions) 5 

 

 

A subset of the studies from the systematic review reported the underlying aetiology of PID, allowing us 

to estimate the proportion of PID due to chlamydia, gonorrhoea, and other sexually transmitted diseases.  

 

Proportion 

of PID due 

 Site-years (total) 

Number of countries 

with data 

Number of GBD regions 

with data (out of 21 

regions) 

Number of GBD 

super-regions with 

data (out of 7 

super-regions) 

Chlamydia 16 8 6 3 

Gonorrho  13 6 4 2 

Other STDs 18 8 6 3 

 

 Health states and disability weights 

 

Health state name Health state description 

Disability 

ight 

Abdominopelvic 

problem, severe 

This person has severe pain in the belly and feels nauseated. The 

person is anxious and unable to carry out daily activities. 

0.324 

(0.219に
0.442) 

Abdominopelvic 

problem, moderate 

This person has pain in the belly and feels nauseated. The person has 

difficulties with daily activities.  

0.114 

(0.078に
0.159) 

 

Modelling strategy  

 

First, we estimated the total incidence and prevalence of pelvic inflammatory disease using a DisMod-MR 

2.1. We used Bayesian priors on remission (13に17) and excess mortality rate (0に0.02).  

 

 

Covariate Parameter beta Exponentiated beta 

All MarketScan, year 

2000 

Incidence  0.21 (0.16に0.25) 1.23 (1.17に1.29) 

lnASDR STDs (location) Incidence  0.013 (0.0014に0.027) 1.01 (1.00に1.03) 
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Second, we ran three separate DisMod models for the proportion of PID due to the following three 

causes: chlamydia, gonorrhoea, and other STDs. For each model, we used the natural log of the age-

standardised death rate (lnASDR) of the underlying STD.  

 

Covariate Parameter Exponentiated beta 

lnASDR gonorrhoea  Proportion  1.14 (1.00に1.33) 

lnASDR STDs  Proportion  1.00 (1.00に1.01) 

 

DisMod estimates for the proportions due to each aetiology were proportionally squeezed to sum to 1.  

 

We extracted MarketScan claims data for the first time in GBD 2015 and continue to do so. This allowed 

us to make two crosswalks on inpatient hospital data (from primary diagnosis to all diagnoses, and from 

inpatient to all diagnoses) that we had not previously. Additionally, in order to correct for outpatient 

cases, we applied an age-specific correction factor based on the ratio of MarketScan data to Healthcare 

Cost and Utilization Project (HCUP) data in USA states where there was overlap in year and location in the 

data sources. A graph of the ratios across all age groups is shown below, with an overall mean of 2.52. 

 

 

 

A mean absolute deviation (MAD) outliering process was used to identify hospital data that were 

unreasonably high or low. No additional changes were made to the estimation process for GBD 2017. 
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Blindness and vision impairment  

 

Flowcharts 

Vision impairment  
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Prevalence by location/

year/age/sex for 

blindness due to 

Diabetic retinopathy

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Diabetic 

retinopathy

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Diabetic retinopathy
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Macular degeneration

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Nonfatal database Dismod-MR 2.1

Comorbidity correction 

(COMO)

YLLs

Comorbidity 

adjusted YLDs

DALYs

Macular degeneration

Crosswalk data points 

that span multip le 

vis ion loss categories

Survey Data

Location-level covariate: 

SDI

Prevalence by location/

year/age/sex for low 

vis ion due to Macular 

degeneration

Prevalence by location/

year/age/sex for 

blindness due to 

Macular degeneration

Split into moderate and severe 

vis ion loss

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Macular 

degeneration

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Macular degeneration

Squeeze into severity-specific 

vis ion loss envelope

Prevalence by location/

year/age/sex for 

blindness due to 

Macular degeneration

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Macular 

degeneration

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Macular degeneration

Cataract

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of death

Covariates

Input Data

Nonfatal database Dismod-MR 2.1

Comorbidity correction 

(COMO)

YLLs

Comorbidity 

adjusted YLDs

DALYs

Cataract

Crosswalk data points 

that span multip le 

vis ion loss categories

Survey Data

Location-level covariate: 

SDI, indoor air pollution, 

outdoor air pollution, 

smoking, systolic blood 

pressure,. elevation

Prevalence by location/

year/age/sex for low 

vis ion due to Cataract

Prevalence by location/

year/age/sex for 

blindness due to 

Cataract

Split into moderate and severe 

vis ion loss

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Cataract

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Cataract

Squeeze into severity-specific 

vis ion loss envelope

Prevalence by location/

year/age/sex for 

blindness due to 

Cataract

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Cataract

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Cataract
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Glaucoma

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of Death

Covariates

Input Data

Nonfatal database Dismod-MR 2.1

Comorbidity correction 

(COMO)

YLLs

Comorbidity 

adjusted YLDs

DALYs

Glaucoma

Crosswalk data points 

that span multip le 

vis ion loss categories

Survey Data

Location-level covariate: 

SDI

Prevalence by location/

year/age/sex for low 

vis ion due to Glaucoma

Prevalence by location/

year/age/sex for 

blindness due to 

Glaucoma

Split into moderate and severe 

vis ion loss

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Glaucoma

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Glaucoma

Squeeze into severity-specific 

vis ion loss envelope

Prevalence by location/

year/age/sex for 

blindness due to 

Glaucoma

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to Glaucoma

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

Glaucoma

Trachoma

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of Death

Covariates

Input Data

Nonfatal database Mixed-effects model

Comorbidity correction 

(COMO)

YLLs

Comorbidity 

adjusted YLDs

DALYs

Trachoma

Survey Data

Location-level covariate s:

1. Proportion at risk for trachoma

2. Proportion with access to 

3. Sanitation

Prevalence by 

location/year/age/

sex for low vision 

due to trachoma

Prevalence by 

location/year/age/

sex for blindness due 

to trachoma

Split into moderate and severe 

vis ion loss

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to trachoma

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

trachoma

Squeeze into severity-

specific vis ion loss 

envelope

Prevalence by location/

year/age/sex for 

blindness due to 

trachoma

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to trachoma

Prevalence by location/

year/age/sex for severe 

vis ion loss due to 

trachoma

Principal components 

analysis (PCA)

Proportion by 

location/year/age/

sex of low vision due 

to trachoma

Proportion by 

location/year/age/

sex of blindness  due 

to trachoma

Multiply proportion by 

low vision envelope

Multiply proportion by 

blindness envelope
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Other vision loss

Input data

Process

Results

Database

Disability weights

Nonfatal

Burden estimation

Cause of Death

Covariates

Input Data

Nonfatal database Dismod-MR 2.1

Comorbidity correction 

(COMO)

YLLs

Comorbidity 

adjusted YLDs

DALYs

Other vision loss

Crosswalk data points 

that span multip le 

vis ion loss categories

Survey Data

Location-level covariate: 

SDS

Prevalence by location/

year/age/sex for low 

vis ion due to other 

vis ion loss

Prevalence by location/

year/age/sex for 

blindness due to other 

vis ion loss

Split into moderate and severe 

vis ion loss

Disability weights 

for each sequela

Unadjusted 

YLD by 

sequela

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to other vision loss

Prevalence by location/

year/age/sex for severe 

vis ion loss due to other 

vis ion loss

Squeeze into severity-specific 

vis ion loss envelope

Prevalence by location/

year/age/sex for 

blindness due to other 

vis ion loss

Prevalence by location/

year/age/sex for 

moderate vision loss 

due to other vision loss

Prevalence by location/

year/age/sex for severe 

vis ion loss due to other 

vis ion loss

 
 

Case definition 

We model vision impairment as visual acuity <6/18 according to the Snellen chart. The following 

impairments are modeled:  

Condition Case definition 

Blindness Visual acuity of <3/60 or 

<10% visual field around 

central fixation 

Severe vision impairment  д3/60 and <6/60 

Moderate vision impairment  д6/60 and <6/18 

Near vision impairment envelope  Near visual acuity of <6/18 

distance equivalent 

  

Near vision impairment describes the progressive inability to focus on near objects as individuals age. This 

impairs the ability to read. The majority of presbyopia can be corrected by the use of reading glasses, 

contact lenses, or refractive surgery.  

We model vision impairment due to the following causes: uncorrected refractive error, cataract, 

glaucoma, macular degeneration, diabetic retinopathy, trachoma, vitamin A deficiency, retinopathy of 

prematurity, meningitis, encephalitis, onchocerciasis, and other vision loss. Vision loss due to vitamin A 

deficiency, retinopathy of prematurity, meningitis, encephalitis, and onchocerciasis are modelled as part 

of their underlying cause as described in their respective sections.  

Refractive error is blurry vision due デﾗ デｴW ﾉWﾐゲげs inability to focus. The blurriness caused by refractive 

error can be addressed through the use of contact lenses, glasses, or refractive surgery. Cataract is 
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clouding of the lens of the eye due to protein buildup that impairs vision. Glaucoma is a condition with 

increased intraocular pressure which can lead to damage of the optic nerve. Macular degeneration is a 

deterioration of the macula, leading to central vision loss. Diabetic retinopathy is damage to the retina 

caused by damaged blood vessels that can leak blood into the retina and cause scarring of the retina. 

Trachoma results from a conjunctival bacterial infection (Chlamydia trachomatis) that produces 

inflammation and scarring which leads to an inversion of the eyelids and eyelashes scratching the cornea, 

which eventually leads to scarring of the cornea and vision impairment or blindness. 

 

Input data 

 Model inputs 

Data on overall vision impairment come from surveys measuring visual acuity in representative 

population-based studies, either from publications in peer-reviewed and grey literature or surveys for 

which we had the unit record data. Data were excluded if no test was used of visual acuity that can be 

converted to the Snellen scale, and if a study did ﾐﾗデ ;ゲゲWゲゲ さヮヴWゲWﾐデｷﾐｪざ ﾗヴ さHWゲデ-IﾗヴヴWIデWSざ ┗ｷゲｷﾗﾐ. A 

subset of these studies that reported vision loss by cause were used to estimate the prevalence of vision 

loss due to cataract, glaucoma, macular degeneration, diabetic retinopathy, and other causes.  

 

For GBD 2015, we conducted a systematic review for new sources since GBD 2013 (covering 1/1/2013 に 

5/20/2015), using the following search string:  

((((glaucoma[Title/Abstract] OR cataract[Title/Abstract] OR macular[Title/Abstract] OR 'refractive 

error'[Title/Abstract] OR presbyopia[Title/Abstract]) OR (('blindness'[MeSH Terms] OR 'blindness'[All 

Fields]) OR 'vision, low'[MeSH Terms])) AND ('2013'[PDAT] : '3000'[PDAT])) AND 'humans'[MeSH Terms]) 

AND (prevalence[Title/Abstract] OR incidence[Title/Abstract] OR epidemiology[Title/Abstract])   

 

This yielded 1,169 results, of which we extracted 20 sources. Furthermore, we extracted from the 

following nationally representative surveys measuring visual acuity: the WHO Studies on Global Ageing 

and Adult Health (SAGE) and the United States National Health and Examination Surveys (NHANES).  

For GBD 2016 and GBD 2017, we did a comprehensive extraction of the Rapid Assessment of Avoidable 

Blindness (RAAB) repository (http://raabdata.info/), a database of vision impairment studies in developing 

settings across the world. There are 266 site-years of data, the majority of which have publicly available 

reports or publications of the data. A standardised methodology was used by all sources in the repository. 

This allowed us to use all 185 available reports, 70 of which were newly included for GBD 2017. In 

addition, we extracted two state-level national surveys from India.  

Due to the sparse literature reporting measured near-vision visual acuity, we also extracted data from the 

following nationally representative studies measuring self-reported near vision loss: SAGE; NHANES; the 

Surveys of Health, Ageing, and Retirement in Europe (SHARE); the Multi-Country Survey Study on Health 

and Responsiveness (MCSS); and the World Health Surveys (WHS).  

Several adjustments were made to raw data.  
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1) Where studies reported visual acuity spanning multiple thresholds (eg, <6/60, rather than 

separate severe and blind estimates), we crosswalked using ratios predicted by a linear 

regression on age, using data from studies reporting vision loss by each severity.  

2) Some studies reported best-corrected vision impairment, but not presenting vision impairment 

(PVI). We crosswalked these data points using a linear regression of logit-transformed PVI 

prevalence with fixed effects on best-corrected VI, age, and per capita lag-distributed income 

(LDI) and super-region random effects. This gave us a predicted PVI data points for these studies 

not explicitly reporting PVI. These crosswalked data points were flagged with a study-level 

covariate that increased standard error in DisMod.  

3) Where data points spanned more than 20 years of age, we age-split using an algorithm that 

applies the age-pattern of the super-region to split the data to five-year age groups.  

 

Whereas other vision impairment aetiologies are modelled based on prevalence data, vision impairment 

due to trachoma is modelled as a proportion of the overall best-corrected vision impairment envelope, a 

strategy that was chosen based on the nature of available data. 

 

The table below shows the number of site-years of data included in envelope models for GBD 2017, as 

well as the number of countries, regions, and super-regions represented. 

Blindness impairment envelope 

  Prevalence 

Site-years (total) 415 

Number of countries with data 100 

Number of GBD regions with data (out of 21 regions) 20 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Severe vision impairment envelope 

  Prevalence 

Site-years (total) 402 

Number of countries with data 97 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

Moderate vision impairment envelope 

  Prevalence 

Site-years (total) 378 

Number of countries with data 94 

Number of GBD regions with data (out of 21 regions) 19 

Number of GBD super-regions with data (out of 7 super-regions) 7 

 

 

 

Health states and disability weights 

 

Health state name Health state description Disability weight 
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Distance vision, severe 

impairment 

This person has severe vision loss, which causes difficulty in daily activities, some emotional impact (for 

example, worry), and some difficulty going outside the home without assistance. 

0.184 

(0.125に0.259) 

Distance vision, 

moderate impairment This person has vision problems that make it difficult to recognise faces or objects across a room. 

0.031 

(0.019に0.049) 

Distance vision 

blindness 

This person is completely blind, which causes great difficulty in some daily activities, worry and anxiety, 

and great difficulty going outside the home without assistance.  

0.187 

(0.124に0.26) 

Near vision loss 

This person has difficulty seeing things that are nearer than 3 feet, but has no difficulty with seeing 

things at a distance.  

0.011 

(0.005に0.02) 

 

Modelling strategy  

We modelled the prevalence of vision loss in two steps. In the first step, we estimated the total 

prevalence estimates of presenting vision loss: moderate vision impairment, severe vision impairment, 

blindness, and near vision impairment (presbyopia). We directly derived prevalence of near vision 

impairment from this step, whereas the remaining three models that reflect different severity levels of 

distance vision loss continued to the next step.  

 Estimate severity-ゲヮWIｷaｷI ┗ｷゲｷﾗﾐ ｷﾏヮ;ｷヴﾏWﾐデ ふデｴW さWﾐ┗WﾉﾗヮWゲざぶ 
First, we ran five DisMod-MR 2.1 models to estimate the total prevalence estimates of presenting vision 

loss: moderate vision impairment, severe vision impairment, blindness, near vision impairment 

(presbyopia), and presenting vision impairment (moderate + severe + blindness). The presenting vision 

impairment model was used as a covariate in the severity-specific models to improve consistency across 

severities.  

Betas and exponentiated values, which can be interpreted as an odds ratio, are shown in the table below 

for each covariate. The best-corrected covariate indicates whether the test measures visual acuity with 

the level of correction the patient presents with (best_corrected = 0) or the ophthalmologist provides 

additional correction via pinhole (best_corrected = 1). Rapid-assessment corrects for potential biases in 

cause-specific vision loss from studies using expedited visual acuity measurement. Socio-demographic 

Index (SDI) and Healthcare Access and Quality (HAQ) index are used as location covariates as a proxy 

measure of access to eye care such as cataract surgery. Data points that were crosswalked from best-

corrected visual acuity are flagged with a z-cov to adjust uncertainty in the crosswalk process. For near 

vision impairment, non-standard severity definition is used to crosswalk between the self-report 

questionnaire of SHARE (nonstandard) and the other surveys. All self-reported data are crosswalked to 

examination data based on whether the survey question asked about reading at a comfortable distance 

or recognising ;ﾐ ﾗHﾃWIデ ;デ ;ヴﾏげゲ ﾉWﾐｪデｴ.  

Model Covariate name Type Measure Beta value Exponentiated 

value 

Vision impairment due to 

glaucoma unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.45 ( -

0.94 to -

0.039) 

0.64 (0.39に
0.96) 

Blindness due to glaucoma 

unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -1.04 ( -

1.59 to -

0.39) 

 

0.35 (0.20に
0.67) 
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Vision impairment due to 

cataract unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.36 (-

0.67 to -

0.033) 

0.70 (0.51に
0.97) 

Blindness due to cataract 

unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -2.9 (-3 to -

2.64) 

 

0.055 (0.050に
0.072) 

 

Vision impairment due to 

macular degeneration 

unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence 0.50 (-0.21 

to 0.97) 
1.65 (0.81に
2.65) 

Blindness due to macular 

degeneration unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence 0.027 (-

0.85 to 

0.91) 

1.03 (0.43に
2.48) 

Near vision loss Socio-

demographic 

Index 

Country covariate Prevalence -0.8 (-1.37 

to -0.2) 
0.45 (0.25に
0.82) 

Near vision loss Non-standard 

severity 

definition 

Study-level x-

covariate 

Prevalence -0.19 (-0.2 

to -0.17) 
0.83 (0.82に
0.85) 

Near vision loss Comfortable 

reading 

distance 

Study-level x-

covariate 

Prevalence -0.49 (-0.5 

to -0.46) 
0.61 (0.61に
0.63) 

Near vision loss Recognise 

ﾗHﾃWIデ ;デ ;ヴﾏげゲ 
length 

Study-level x-

covariate 

Prevalence 0.035 (-

0.021 to 

0.094) 

1.04 (0.98に
1.10) 

Vision impairment due to 

other vision loss 

unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.064 (-

0.23 to -

0.0031) 

0.94 (0.79に
1.00) 

Blindness due to other 

vision loss unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.81 (-

0.99 to -

0.47) 

 

0.45 (0.37に
0.63) 

Vision impairment 

envelope 

Socio-

demographic 

Index 

Country covariate Prevalence -0.29 (-

0.52 to -

0.065) 

 

0.75 (0.59に
0.94) 

Blindness impairment 

envelope 

Healthcare 

Access and 

Quality index 

Country covariate Prevalence -0.018 (-

0.022 to -

0.016) 

0.98 (0.98に
0.98) 

Blindness impairment 

envelope 

Presenting 

vision 

impairment 

Country covariate Prevalence 0.33 

(0.17に
0.48) 

1.40 (1.18に
1.62) 

Blindness impairment 

envelope 

Socio-

demographic 

Index 

Country covariate Prevalence -0.077 (-

0.25 to -

0.0038) 

0.93 (0.78に
1.00) 

Blindness impairment 

envelope 

Best-corrected 

crosswalk 

Study-level z-

covariate 

Prevalence 0.0025 

(0.00020に
0.0070) 

1.00 (1.00に
1.01) 

Moderate vision 

impairment envelope 

Presenting 

vision 

impairment 

Country covariate Prevalence 0.74 

(0.65に
0.83) 

2.09 (1.92に
2.29) 

816



Moderate vision 

impairment envelope 

Socio-

demographic 

Index 

Country covariate Prevalence -0.021 (-

0.082 to -

0.000018) 

0.98 (0.92に
1.00) 

Moderate vision 

impairment envelope 

Best-corrected 

crosswalk 

Study-level z-

covariate 

Prevalence 0.10 

(0.070に
0.13) 

1.11 (1.07に
1.14) 

Severe vision impairment 

envelope 

Presenting 

vision 

impairment 

Country covariate Prevalence 0.35 

(0.24に
0.45) 

1.42 (1.28に
1.58) 

Severe vision impairment 

envelope 

Socio-

demographic 

Index 

Country covariate Prevalence -0.018 (-

0.072 to -

0.0014) 

0.98 (0.93に
1.00) 

Severe vision impairment 

envelope 

Best-corrected 

crosswalk 

Study-level z-

covariate 

Prevalence 0.032 

(0.0073に
0.062) 

1.03 (1.01に
1.06) 

Vision impairment due to 

diabetes mellitus 

Diabetes age-

standardised 

prevalence 

(proportion) 

Country covariate Prevalence 1.25 

(0.85に
1.66) 

 

3.50 (2.35に
5.24) 

 

Vision impairment due to 

diabetes mellitus 

Socio-

demographic 

Index 

Country covariate Prevalence -0.066 (-

0.24 to -

0.00064) 

0.94 (0.79に
1.00) 

Blindness due to diabetes 

mellitus unsqueezed 

Diabetes age-

standardised 

prevalence 

(proportion) 

Country covariate Prevalence 3.79 

(3.19に
4.00) 

44.40 (24.41に
54.33) 

Blindness due to diabetes 

mellitus unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -1.58 (-

1.99 to -

0.6) 

0.20 (0.14に
0.55) 

Moderate vision 

impairment due to 

uncorrected refractive 

error unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.95 (-1 to 

-0.82) 
0.39 (0.37に
0.44) 

Severe vision impairment 

due to uncorrected 

refractive error 

unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.95 (-1 to 

-0.83) 

 

0.39 (0.37に
0.44) 

Blindness due to 

uncorrected refractive 

error unsqueezed 

Socio-

demographic 

Index 

Country covariate Prevalence -0.98 (-1 to 

-0.93) 
0.37 (0.37に
0.40) 

 

 

 

2) Estimate cause-specific vision impairment  

In the second step, we estimated the prevalence of vision loss due to multiple causes: refractive error, 

cataract, glaucoma, macular degeneration, diabetic retinopathy, retinopathy due to prematurity, 

trachoma, vitamin A deficiency, onchocerciasis, meningitis, and other causes not classified elsewhere. The 

vision loss due to retinopathy of prematurity, vitamin A deficiency, onchocerciasis, meningitis, tetanus, 
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and neonatal conditions was modelled as part of these underlying causes. Vision loss due to trachoma is 

modelled as a proportion of the envelope, with separate proportion models for vision impairment and 

blindness. For each of cataract, glaucoma, macular degeneration, diabetic retinopathy, and other vision 

loss, we ran two DisMod-MR 2.1 models: one for the combined category of moderate and severe vision 

loss due to the cause, and one for blindness due to the cause. Moderate and severe vision loss were 

modelled together because input data were mostly available for the aggregate. Refractive error was 

modelled in three models, one for each severity. We used the following age restrictions:  

Cause Minimum age  

Cataracts 20 

Glaucoma 45 

Macular degeneration 45 

Diabetic retinopathy 20 

Trachoma 15 

Other vision loss 0 

 

We estimated the proportions of low vision and blindness due to trachoma using custom mixed-effects 

models. For consistency, the two models (blindness and low vision) were parameterised identically and 

differ only in their input data. Our model included fixed effects on age (using cubic splines with knots at 0, 

40, and 100 years of age), sex, and a covariate derived from a principal components analysis of the 

proportion of the population at risk for trachoma and the proportion of the population with access to 

sanitation. We included nested random effects on super-region, region, and country. Finally, we applied 

geographic and age restrictions to ensure that we estimate zero proportions in non-endemic locations 

and among those younger than 15 year of age (as scarring of the cornea due to trachoma takes decades 

to develop). The prevalence of trachoma at each severity level was calculated by multiplying the 

proportion of vision loss (vision impairment or blindness) due to trachoma by the corresponding best-

corrected vision loss envelope.  

We split the moderate plus severe vision loss estimates for each cause into moderate and severe using 

the ratio of presenting moderate and severe vision loss envelopes. As exceptions, onchocerciasis and 

retinopathy of prematurity were modelled for moderate and severe vision loss as part of the estimation 

process of these causes.  

We scaled the cause-specific vision loss prevalence to the total prevalence of the best-corrected vision 

loss envelopes for each of the three severity levels. The final result is prevalence of vision loss due to each 

cause by severity.  

 

The following changes have been implemented since GBD 2016: 

- We added an additional 70 RAAB sources  

- Several data points from previous rounds have been reevaluated and then re-extracted or 

determined to not meet our criteria and were taken out of the model 

- We elevated presbyopia and refractive error from the sequela-level to the cause-level within the 

GBD hierarchy 

- We crosswalk self-report near vision data by survey question 
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Nonfatal Database:

prevalence, incidence, 

excess mortality rate, 

RR, SMR, duration, 

remission, severity 

proportions & 

intermediary 

modelling variables

Prevalence & 

incidence by 

disease/

impairment

Active screening

Community surveys

Claims data に 
inpatient visits

Outpatient hospital 

data

Claims data に 
outpatient visits

Cohort follow-up 

studies

National surveys

Vital registration

Surveillance

Age-sex splitting

CSMR from 

CoDcorrect

Inpatient hospital 

data

Add study-level 

covariates

DisMod-MR 2.1 

Study 

covariates
Proportion by 

sequelae

Prevalence 

and 

incidence of 

sequelae

Unadjusted 

YLD by 

sequelae

Comorbidity 

correction 

(COMO)

Analysis of paired 

comparison & 

population health 

equivalence  responses

Household surveys

Lay descriptions for 

235 health states
GBD collaborator 

advice

Sequelae mapped to 

health states

Open access web-

based survey

Regression to estimate 

disability weight by cause 

in survey respondents 

controlling for comorbidity

Scale 

to 

100%

Surveys with 

diagnostic info & SF-

12

Opportunistic surveys by 

IHME to fill SF-12 for 60 

lay descriptions Map SF-12 to 

GBD disability 

weights

Meta-analysis 

proportion by 

severity level

DisMod 

analysis 

proportion by 

severity level

Country 

covariates

Compute excess 

mortality prior from 

available incidence 

or prevalence & 

CSMR data

Pre DisMod bias 

correction

Adjustment from 

primary code to all 

code based on claims 

data for causes with 

long duration

Adjusted 

input 

data

Generate cause-

nature of injury 

matrices with neg. 

binomial models

Apply cause-
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Figure 1a. Analytical flowchart for the estimation of cause-specific YLDs by location, age, sex, and year for GBD 2015

Adjustment for 

multiple 

admissions in 

same individual

YLD to YLL ratio 

for 12 residual 

causes without 

primary data

Ovals represent data inputs, square boxes represent analytical steps, cylinders represent databases, and parallelograms represent intermediate and 

final results. The flowchart is color-coded by major estimation component: raw data sources, in pink; data adjustments, in yellow; DisMod-MR 2.1 

estimation, in purple; alternative modelling strategies, in light green; injury modeling strategy, in dark green; estimation of impairments and underlying 

causes, in brown; severity distributions and comorbidity correction, in blue; disability weights in orange; and cause of death and demographic inputs, in 

grey. GBD = Global Burden of Disease; TB=tuberculosis; HIV =human immunodeficiency virus; AIDS=acquired immunodeficiency syndrome; SF-12=Short 

Form 12 questions; MEPS=Medical Expenditure Panel Surveys; CSMR=cause-specific mortality rate; SMR=standardized mortality ratio; YLDs=years lived 

with disability; YLLs=years of life lost.
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Figure 1b. Analytical flowchart for modeling strategies other than DisMod 2.1 modelling strategies and injuries, GBD 2017
Ovals represent data inputs, square boxes represent analytical steps, cylinders represent databases, and parallelograms represent intermediate and 

final results. The flowchart is color-coded by major estimation component: raw data sources, in pink; data adjustments, in yellow; DisMod-MR 2.1 

estimation, in purple; alternative modelling strategies, in light green; injury modeling strategy, in dark green; estimation of impairments and underlying 

causes, in brown; severity distributions and comorbidity correction, in blue; disability weights in orange; and cause of death and demographic inputs, in 

grey. GBD = Global Burden of Disease; TB=tuberculosis; HIV =human immunodeficiency virus; AIDS=acquired immunodeficiency syndrome; SF-12=Short 

Form 12 questions; MEPS=Medical Expenditure Panel Surveys; CSMR=cause-specific mortality rate; SMR=standardized mortality ratio; YLDs=years lived 

with disability; YLLs=years of life lost.
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Appendix Figure Ϯ͘ GBD 201ϳ DisMod-MR 2.1 analytical cascade
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Methods Figure 3: Number of most detailed GBD causes with any non−fatal data by location, 1990 to 2017
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Geography Level

Global 0

Low SDI 1

Low-middle SDI 1

Middle SDI 1

High-middle SDI 1

High SDI 1

Central Europe, Eastern Europe, and Central Asia 1

Central Asia 2

Armenia 3

Azerbaijan 3

Georgia 3

Kazakhstan 3

Kyrgyzstan 3

Mongolia 3

Tajikistan 3

Turkmenistan 3

Uzbekistan 3

Central Europe 2

Albania 3

Bosnia and Herzegovina 3

Bulgaria 3

Croatia 3

Czech Republic 3

Hungary 3

Macedonia 3

Montenegro 3

Poland 3

Romania 3

Serbia 3

Slovakia 3

Slovenia 3

Eastern Europe 2

Belarus 3

Estonia 3

Latvia 3

Lithuania 3

Moldova 3

Russian Federation 3

Ukraine 3

High-income 1

Australasia 2

Australia 3

New Zealand 3

High-income Asia-Pacific 2

Brunei 3

Japan 3

Appendix Table 1. GBD location hierarchy with levels
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Aichi 4

Akita 4

Aomori 4

Chiba 4

Ehime 4

Fukui 4

Fukuoka 4

Fukushima 4

Gifu 4

Gunma 4

Hiroshima 4

Hokkaidō 4

Hyōgo 4

Ibaraki 4

Ishikawa 4

Iwate 4

Kagawa 4

Kagoshima 4

Kanagawa 4

Kōchi 4

Kumamoto 4

Kyōto 4

Mie 4

Miyagi 4

Miyazaki 4

Nagano 4

Nagasaki 4

Nara 4

Niigata 4

Ōita 4

Okayama 4

Okinawa 4

Ōsaka 4

Saga 4

Saitama 4

Shiga 4

Shimane 4

Shizuoka 4

Tochigi 4

Tokushima 4

Tōkyō 4

Tottori 4

Toyama 4

Wakayama 4

Yamagata 4

Yamaguchi 4
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Yamanashi 4

South Korea 3

Singapore 3

High-income North America 2

Canada 3

Greenland 3

USA 3

Alabama 4

Alaska 4

Arizona 4

Arkansas 4

California 4

Colorado 4

Connecticut 4

Delaware 4

Washington, DC 4

Florida 4

Georgia 4

Hawaii 4

Idaho 4

Illinois 4

Indiana 4

Iowa 4

Kansas 4

Kentucky 4

Louisiana 4

Maine 4

Maryland 4

Massachusetts 4

Michigan 4

Minnesota 4

Mississippi 4

Missouri 4

Montana 4

Nebraska 4

Nevada 4

New Hampshire 4

New Jersey 4

New Mexico 4

New York 4

North Carolina 4

North Dakota 4

Ohio 4

Oklahoma 4

Oregon 4

Pennsylvania 4
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Rhode Island 4

South Carolina 4

South Dakota 4

Tennessee 4

Texas 4

Utah 4

Vermont 4

Virginia 4

Washington 4

West Virginia 4

Wisconsin 4

Wyoming 4

Southern Latin America 2

Argentina 3

Chile 3

Uruguay 3

Western Europe 2

Andorra 3

Austria 3

Belgium 3

Cyprus 3

Denmark 3

Finland 3

France 3

Germany 3

Greece 3

Iceland 3

Ireland 3

Israel 3

Italy 3

Luxembourg 3

Malta 3

Netherlands 3

Norway 3

Portugal 3

Spain 3

Sweden 3

Stockholm 4

Sweden except Stockholm 4

Switzerland 3

United Kingdom 3

England 4

East Midlands 5

Derby 6

Derbyshire 6

Leicester 6
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Leicestershire 6

Lincolnshire 6

Northamptonshire 6

Nottingham 6

Nottinghamshire 6

Rutland 6

East of England 5

Bedford 6

Cambridgeshire 6

Central Bedfordshire 6

Essex 6

Hertfordshire 6

Luton 6

Norfolk 6

Peterborough 6

Southend-on-Sea 6

Suffolk 6

Thurrock 6

Greater London 5

Barking and Dagenham 6

Barnet 6

Bexley 6

Brent 6

Bromley 6

Camden 6

Croydon 6

Ealing 6

Enfield 6

Greenwich 6

Hackney 6

Hammersmith and Fulham 6

Haringey 6

Harrow 6

Havering 6

Hillingdon 6

Hounslow 6

Islington 6

Kensington and Chelsea 6

Kingston upon Thames 6

Lambeth 6

Lewisham 6

Merton 6

Newham 6

Redbridge 6

Richmond upon Thames 6

Southwark 6
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Sutton 6

Tower Hamlets 6

Waltham Forest 6

Wandsworth 6

Westminster 6

North East England 5

County Durham 6

Darlington 6

Gateshead 6

Hartlepool 6

Middlesbrough 6

Newcastle upon Tyne 6

North Tyneside 6

Northumberland 6

Redcar and Cleveland 6

South Tyneside 6

Stockton-on-Tees 6

Sunderland 6

North West England 5

Blackburn with Darwen 6

Blackpool 6

Bolton 6

Bury 6

Cheshire East 6

Cheshire West and Chester 6

Cumbria 6

Halton 6

Knowsley 6

Lancashire 6

Liverpool 6

Manchester 6

Oldham 6

Rochdale 6

Salford 6

Sefton 6

St Helens 6

Stockport 6

Tameside 6

Trafford 6

Warrington 6

Wigan 6

Wirral 6

South East England 5

Bracknell Forest 6

Brighton and Hove 6

Buckinghamshire 6
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

East Sussex 6

Hampshire 6

Isle of Wight 6

Kent 6

Medway 6

Milton Keynes 6

Oxfordshire 6

Portsmouth 6

Reading 6

Slough 6

Southampton 6

Surrey 6

West Berkshire 6

West Sussex 6

Windsor and Maidenhead 6

Wokingham 6

South West England 5

Bath and North East Somerset 6

Bournemouth 6

Bristol, City of 6

Cornwall 6

Devon 6

Dorset 6

Gloucestershire 6

North Somerset 6

Plymouth 6

Poole 6

Somerset 6

South Gloucestershire 6

Swindon 6

Torbay 6

Wiltshire 6

West Midlands 5

Birmingham 6

Coventry 6

Dudley 6

Herefordshire, County of 6

Sandwell 6

Shropshire 6

Solihull 6

Staffordshire 6

Stoke-on-Trent 6

Telford and Wrekin 6

Walsall 6

Warwickshire 6

Wolverhampton 6
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Worcestershire 6

Yorkshire and the Humber 5

Barnsley 6

Bradford 6

Calderdale 6

Doncaster 6

East Riding of Yorkshire 6

Kingston upon Hull, City of 6

Kirklees 6

Leeds 6

North East Lincolnshire 6

North Lincolnshire 6

North Yorkshire 6

Rotherham 6

Sheffield 6

Wakefield 6

York 6

Northern Ireland 4

Scotland 4

Wales 4

Latin America and Caribbean 1

Andean Latin America 2

Bolivia 3

Ecuador 3

Peru 3

Caribbean 2

Antigua and Barbuda 3

The Bahamas 3

Barbados 3

Belize 3

Bermuda 3

Cuba 3

Dominica 3

Dominican Republic 3

Grenada 3

Guyana 3

Haiti 3

Jamaica 3

Puerto Rico 3

Saint Lucia 3

Saint Vincent and the Grenadines 3

Suriname 3

Trinidad and Tobago 3

Virgin Islands 3

Central Latin America 2

Colombia 3
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Costa Rica 3

El Salvador 3

Guatemala 3

Honduras 3

Mexico 3

Aguascalientes 4

Baja California 4

Baja California Sur 4

Campeche 4

Chiapas 4

Chihuahua 4

Coahuila 4

Colima 4

Distrito Federal 4

Durango 4

Guanajuato 4

Guerrero 4

Hidalgo 4

Jalisco 4

México 4

Michoacán de Ocampo 4

Morelos 4

Nayarit 4

Nuevo León 4

Oaxaca 4

Puebla 4

Querétaro 4

Quintana Roo 4

San Luis Potosí 4

Sinaloa 4

Sonora 4

Tabasco 4

Tamaulipas 4

Tlaxcala 4

Veracruz de Ignacio de la Llave 4

Yucatán 4

Zacatecas 4

Nicaragua 3

Panama 3

Venezuela 3

Tropical Latin America 2

Brazil 3

Acre 4

Alagoas 4

Amapá 4

Amazonas 4
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Geography Level

Appendix Table 1. GBD location hierarchy with levels

Bahia 4

Ceará 4

Distrito Federal 4

Espírito Santo 4

Goiás 4

Maranhão 4

Mato Grosso 4

Mato Grosso do Sul 4

Minas Gerais 4

Pará 4

Paraíba 4

Paraná 4

Pernambuco 4

Piauí 4

Rio de Janeiro 4

Rio Grande do Norte 4

Rio Grande do Sul 4

Rondônia 4

Roraima 4

Santa Catarina 4

São Paulo 4

Sergipe 4

Tocantins 4

Paraguay 3

North Africa and Middle East 1

North Africa and Middle East 2

Afghanistan 3

Algeria 3

Bahrain 3

Egypt 3

Iran 3

Iraq 3

Jordan 3

Kuwait 3

Lebanon 3

Libya 3

Morocco 3

Palestine 3

Oman 3

Qatar 3

Saudi Arabia 3

Sudan 3

Syria 3

Tunisia 3

Turkey 3

United Arab Emirates 3
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Appendix Table 1. GBD location hierarchy with levels

Yemen 3

South Asia 1

South Asia 2

Bangladesh 3

Bhutan 3

India 3

Andhra Pradesh 4

Arunachal Pradesh 4

Assam 4

Bihar 4

Chhattisgarh 4

Delhi 4

Goa 4

Gujarat 4

Haryana 4

Himachal Pradesh 4

Jammu and Kashmir 4

Jharkhand 4

Karnataka 4

Kerala 4

Madhya Pradesh 4

Maharashtra 4

Manipur 4

Meghalaya 4

Mizoram 4

Nagaland 4

Odisha 4

Punjab 4

Rajasthan 4

Sikkim 4

Tamil Nadu 4

Telangana 4

Tripura 4

Uttar Pradesh 4

Uttarakhand 4

West Bengal 4

Union Territories other than Delhi 4

Nepal 3

Pakistan 3

Southeast Asia, East Asia, and Oceania 1

East Asia 2

China 3

North Korea 3

Taiwan (Province of China) 3

Oceania 2

American Samoa 3
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Appendix Table 1. GBD location hierarchy with levels

Federated States of Micronesia 3

Fiji 3

Guam 3

Kiribati 3

Marshall Islands 3

Northern Mariana Islands 3

Papua New Guinea 3

Samoa 3

Solomon Islands 3

Tonga 3

Vanuatu 3

Southeast Asia 2

Cambodia 3

Indonesia 3

Laos 3

Malaysia 3

Maldives 3

Mauritius 3

Myanmar 3

Philippines 3

Sri Lanka 3

Seychelles 3

Thailand 3

Timor-Leste 3

Vietnam 3

Sub-Saharan Africa 1

Central sub-Saharan Africa 2

Angola 3

Central African Republic 3

Congo (Brazzaville) 3

DR Congo 3

Equatorial Guinea 3

Gabon 3

Eastern sub-Saharan Africa 2

Burundi 3

Comoros 3

Djibouti 3

Eritrea 3

Ethiopia 3

Kenya 3

Baringo 4

Bomet 4

Bungoma 4

Busia 4

Elgeyo Marakwet 4

Embu 4
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Appendix Table 1. GBD location hierarchy with levels

Garissa 4

Homa Bay 4

Isiolo 4

Kajiado 4

Kakamega 4

Kericho 4

Kiambu 4

Kilifi 4

Kirinyaga 4

Kisii 4

Kisumu 4

Kitui 4

Kwale 4

Laikipia 4

Lamu 4

Machakos 4

Makueni 4

Mandera 4

Marsabit 4

Meru 4

Migori 4

Mombasa 4

Murang’a 4

Nairobi 4

Nakuru 4

Nandi 4

Narok 4

Nyamira 4

Nyandarua 4

Nyeri 4

Samburu 4

Siaya 4

Taita Taveta 4

Tana River 4

Tharaka Nithi 4

Trans Nzoia 4

Turkana 4

Uasin Gishu 4

Vihiga 4

Wajir 4

West Pokot 4

Madagascar 3

Malawi 3

Mozambique 3

Rwanda 3

Somalia 3
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Appendix Table 1. GBD location hierarchy with levels

South Sudan 3

Tanzania 3

Uganda 3

Zambia 3

Southern sub-Saharan Africa 2

Botswana 3

Lesotho 3

Namibia 3

South Africa 3

Eastern Cape 4

Free State 4

Gauteng 4

KwaZulu-Natal 4

Limpopo 4

Mpumalanga 4

North West 4

Northern Cape 4

Western Cape 4

Swaziland 3

Zimbabwe 3

Western sub-Saharan Africa 2

Benin 3

Burkina Faso 3

Cameroon 3

Cape Verde 3

Chad 3

Cote d'Ivoire 3

The Gambia 3

Ghana 3

Guinea 3

Guinea-Bissau 3

Liberia 3

Mali 3

Mauritania 3

Niger 3

Nigeria 3

Sao Tome and Principe 3

Senegal 3

Sierra Leone 3

Togo 3
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┘ｴｷIｴ Wゲデｷﾏ;デWゲ ┘WヴW ﾏ;SWく 
N;ヴヴ;デｷ┗W ヮヴﾗ┗ｷSWS ｷﾐ 
ヮ;ヮWヴ ;ﾐS ﾏWデｴﾗSゲ 
;ヮヮWﾐSｷ┝ SWゲIヴｷHｷﾐｪ 
ｷﾐSｷI;デﾗヴゲが SWaｷﾐｷデｷﾗﾐゲが 
;ﾐS ヮﾗヮ┌ﾉ;デｷﾗﾐゲ 

M;ｷﾐ デW┝デ ふMWデｴﾗSゲぶ 
;ﾐS ﾏWデｴﾗSゲ ;ヮヮWﾐSｷ┝ 

ヲ  Lｷゲデ デｴW a┌ﾐSｷﾐｪ ゲﾗ┌ヴIWゲ aﾗヴ デｴW ┘ﾗヴﾆく  F┌ﾐSｷﾐｪ ゲﾗ┌ヴIWゲ ﾉｷゲデWS 
ｷﾐ ヮ;ヮWヴ 

M;ｷﾐ デW┝デ ふS┌ﾏﾏ;ヴ┞ぶ

D;デ; Iﾐヮ┌デゲ 
Fﾗヴ ;ﾉﾉ S;デ; ｷﾐヮ┌デゲ aヴﾗﾏ ﾏ┌ﾉデｷヮﾉW ゲﾗ┌ヴIWゲ デｴ;デ ;ヴW ゲ┞ﾐデｴWゲｷ┣WS ;ゲ ヮ;ヴデ ﾗa デｴW ゲデ┌S┞ぎ
ン  DWゲIヴｷHW ｴﾗ┘ デｴW S;デ; ┘WヴW ｷSWﾐデｷaｷWS ;ﾐS ｴﾗ┘ デｴW S;デ; 

┘WヴW ;IIWゲゲWSく  
N;ヴヴ;デｷ┗W ヮヴﾗ┗ｷSWS ｷﾐ 
ヮ;ヮWヴ ;ﾐS ﾏWデｴﾗSゲ 
;ヮヮWﾐSｷ┝ SWゲIヴｷHｷﾐｪ 
S;デ; ゲWWﾆｷﾐｪ ﾏWデｴﾗSゲ 

M;ｷﾐ デW┝デ ふMWデｴﾗSゲぶ 
;ﾐS ﾏWデｴﾗSゲ ;ヮヮWﾐSｷ┝ 

ヴ  SヮWIｷa┞ デｴW ｷﾐIﾉ┌ゲｷﾗﾐ ;ﾐS W┝Iﾉ┌ゲｷﾗﾐ IヴｷデWヴｷ;く ISWﾐデｷa┞ ;ﾉﾉ ;SどｴﾗI 
W┝Iﾉ┌ゲｷﾗﾐゲく 

N;ヴヴ;デｷ┗W ヮヴﾗ┗ｷSWS ｷﾐ 
ヮ;ヮWヴ ;ﾐS ﾏWデｴﾗSゲ 
;ヮヮWﾐSｷ┝ SWゲIヴｷHｷﾐｪ 
ｷﾐIﾉ┌ゲｷﾗﾐ ;ﾐS W┝Iﾉ┌ゲｷﾗﾐ 
IヴｷデWヴｷ; H┞ S;デ; デ┞ヮW 

M;ｷﾐ デW┝デ ふMWデｴﾗSゲぶ 
;ﾐS ﾏWデｴﾗSゲ ;ヮヮWﾐSｷ┝ 

ヵ  Pヴﾗ┗ｷSW ｷﾐaﾗヴﾏ;デｷﾗﾐ ﾗﾐ ;ﾉﾉ ｷﾐIﾉ┌SWS S;デ; ゲﾗ┌ヴIWゲ ;ﾐS デｴWｷヴ 
ﾏ;ｷﾐ Iｴ;ヴ;IデWヴｷゲデｷIゲく Fﾗヴ W;Iｴ S;デ; ゲﾗ┌ヴIW ┌ゲWSが ヴWヮﾗヴデ 
ヴWaWヴWﾐIW ｷﾐaﾗヴﾏ;デｷﾗﾐ ﾗヴ Iﾗﾐデ;Iデ ﾐ;ﾏWっｷﾐゲデｷデ┌デｷﾗﾐが 
ヮﾗヮ┌ﾉ;デｷﾗﾐ ヴWヮヴWゲWﾐデWSが S;デ; IﾗﾉﾉWIデｷﾗﾐ ﾏWデｴﾗSが ┞W;ヴふゲぶ ﾗa 
S;デ; IﾗﾉﾉWIデｷﾗﾐが ゲW┝ ;ﾐS ;ｪW ヴ;ﾐｪWが Sｷ;ｪﾐﾗゲデｷI IヴｷデWヴｷ; ﾗヴ 
ﾏW;ゲ┌ヴWﾏWﾐデ ﾏWデｴﾗSが ;ﾐS ゲ;ﾏヮﾉW ゲｷ┣Wが ;ゲ ヴWﾉW┗;ﾐデく  

MWデ;S;デ; aﾗヴ S;デ; 
ゲﾗ┌ヴIWゲ H┞ IﾗﾏヮﾗﾐWﾐデが 
ｪWﾗｪヴ;ヮｴ┞が I;┌ゲWが ヴｷゲﾆが 
ﾗヴ ｷﾏヮ;ｷヴﾏWﾐデ ｷゲ 
;┗;ｷﾉ;HﾉW デｴヴﾗ┌ｪｴ ;ﾐ 
ｷﾐデWヴ;Iデｷ┗Wが ﾗﾐﾉｷﾐW S;デ; 
ゲﾗ┌ヴIW デﾗﾗﾉ  

OﾐﾉｷﾐW S;デ; Iｷデ;デｷﾗﾐ
デﾗﾗﾉ 
ぷﾉｷﾐﾆ デﾗ HW ;SSWS ┌ヮﾗﾐ 
;IIWヮデ;ﾐIWへ 

ヶ  ISWﾐデｷa┞ ;ﾐS SWゲIヴｷHW ;ﾐ┞ I;デWｪﾗヴｷWゲ ﾗa ｷﾐヮ┌デ S;デ; デｴ;デ ｴ;┗W 
ヮﾗデWﾐデｷ;ﾉﾉ┞ ｷﾏヮﾗヴデ;ﾐデ Hｷ;ゲWゲ ふWくｪくが H;ゲWS ﾗﾐ Iｴ;ヴ;IデWヴｷゲデｷIゲ 
ﾉｷゲデWS ｷﾐ ｷデWﾏ ヵぶく 

S┌ﾏﾏ;ヴ┞ ﾗa ﾆﾐﾗ┘ﾐ 
Hｷ;ゲWゲ H┞ I;┌ゲW 
ｷﾐIﾉ┌SWS ｷﾐ ﾏWデｴﾗSゲ 
;ヮヮWﾐSｷ┝ 

MWデｴﾗSゲ ;ヮヮWﾐSｷ┝

Fﾗヴ S;デ; ｷﾐヮ┌デゲ デｴ;デ IﾗﾐデヴｷH┌デW デﾗ デｴW ;ﾐ;ﾉ┞ゲｷゲ H┌デ ┘WヴW ﾐﾗデ ゲ┞ﾐデｴWゲｷ┣WS ;ゲ ヮ;ヴデ ﾗa デｴW ゲデ┌S┞ぎ 
Α  DWゲIヴｷHW ;ﾐS ｪｷ┗W ゲﾗ┌ヴIWゲ aﾗヴ ;ﾐ┞ ﾗデｴWヴ S;デ; ｷﾐヮ┌デゲく  IﾐIﾉ┌SWS ｷﾐ ﾗﾐﾉｷﾐW S;デ; 

ゲﾗ┌ヴIW デﾗﾗﾉ 
OﾐﾉｷﾐW S;デ; Iｷデ;デｷﾗﾐ 
デﾗﾗﾉ ぷﾉｷﾐﾆ デﾗ HW ;SSWS 
┌ヮﾗﾐ ;IIWヮデ;ﾐIWへ 

Fﾗヴ ;ﾉﾉ S;デ; ｷﾐヮ┌デゲぎ 
Β  Pヴﾗ┗ｷSW ;ﾉﾉ S;デ; ｷﾐヮ┌デゲ ｷﾐ ; aｷﾉW aﾗヴﾏ;デ aヴﾗﾏ ┘ｴｷIｴ S;デ; I;ﾐ HW 

WaaｷIｷWﾐデﾉ┞ W┝デヴ;IデWS ふWくｪくが ; ゲヮヴW;SゲｴWWデ ;ゲ ﾗヮヮﾗゲWS デﾗ ; 
PDFぶが ｷﾐIﾉ┌Sｷﾐｪ ;ﾉﾉ ヴWﾉW┗;ﾐデ ﾏWデ;どS;デ; ﾉｷゲデWS ｷﾐ ｷデWﾏ ヵく Fﾗヴ ;ﾐ┞ 
S;デ; ｷﾐヮ┌デゲ デｴ;デ I;ﾐﾐﾗデ HW ゲｴ;ヴWS S┌W デﾗ WデｴｷI;ﾉ ﾗヴ ﾉWｪ;ﾉ 
ヴW;ゲﾗﾐゲが ゲ┌Iｴ ;ゲ デｴｷヴSどヮ;ヴデ┞ ﾗ┘ﾐWヴゲｴｷヮが ヮヴﾗ┗ｷSW ; Iﾗﾐデ;Iデ 

Dﾗ┘ﾐﾉﾗ;Sゲ ﾗa ｷﾐヮ┌デ 
S;デ; ;ヴW ;┗;ｷﾉ;HﾉW 
デｴヴﾗ┌ｪｴ ﾗﾐﾉｷﾐW デﾗﾗﾉゲが 
ｷﾐIﾉ┌Sｷﾐｪ S;デ; 
┗ｷゲ┌;ﾉｷ┣;デｷﾗﾐ 

OﾐﾉｷﾐW S;デ; 
┗ｷゲ┌;ﾉｷ┣;デｷﾗﾐ デﾗﾗﾉゲが S;デ; 
ケ┌Wヴ┞ デﾗﾗﾉゲが ;ﾐS デｴW 
GﾉﾗH;ﾉ HW;ﾉデｴ D;デ; 
E┝Iｴ;ﾐｪW ぷﾉｷﾐﾆ デﾗ HW 
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ﾐ;ﾏW ﾗヴ デｴW ﾐ;ﾏW ﾗa デｴW ｷﾐゲデｷデ┌デｷﾗﾐ デｴ;デ ヴWデ;ｷﾐゲ デｴW ヴｷｪｴデ デﾗ 
デｴW S;デ;く 

;SSWS ┌ヮﾗﾐ 
;IIWヮデ;ﾐIWへ 

D;デ; ;ﾐ;ﾉ┞ゲｷゲ 
Γ  Pヴﾗ┗ｷSW ; IﾗﾐIWヮデ┌;ﾉ ﾗ┗Wヴ┗ｷW┘ ﾗa デｴW S;デ; ;ﾐ;ﾉ┞ゲｷゲ ﾏWデｴﾗSく A 

Sｷ;ｪヴ;ﾏ ﾏ;┞ HW ｴWﾉヮa┌ﾉく  
Fﾉﾗ┘ Sｷ;ｪヴ;ﾏゲ ﾗa デｴW 
ﾗ┗Wヴ;ﾉﾉ ﾏWデｴﾗSﾗﾉﾗｪｷI;ﾉ 
ヮヴﾗIWゲゲWゲが ;ゲ ┘Wﾉﾉ ;ゲ 
I;┌ゲWどゲヮWIｷaｷI 
ﾏﾗSWﾉﾉｷﾐｪ ヮヴﾗIWゲゲWゲが 
ｴ;┗W HWWﾐ ヮヴﾗ┗ｷSWS 

M;ｷﾐ デW┝デ ふMWデｴﾗSゲぶ 
;ﾐS ﾏWデｴﾗSゲ ;ヮヮWﾐSｷ┝ 

ヱヰ  Pヴﾗ┗ｷSW ; SWデ;ｷﾉWS SWゲIヴｷヮデｷﾗﾐ ﾗa ;ﾉﾉ ゲデWヮゲ ﾗa デｴW ;ﾐ;ﾉ┞ゲｷゲが 
ｷﾐIﾉ┌Sｷﾐｪ ﾏ;デｴWﾏ;デｷI;ﾉ aﾗヴﾏ┌ﾉ;Wく Tｴｷゲ SWゲIヴｷヮデｷﾗﾐ ゲｴﾗ┌ﾉS 
Iﾗ┗Wヴが ;ゲ ヴWﾉW┗;ﾐデが S;デ; IﾉW;ﾐｷﾐｪが S;デ; ヮヴWどヮヴﾗIWゲゲｷﾐｪが S;デ; 
;Sﾃ┌ゲデﾏWﾐデゲ ;ﾐS ┘Wｷｪｴデｷﾐｪ ﾗa S;デ; ゲﾗ┌ヴIWゲが ;ﾐS 
ﾏ;デｴWﾏ;デｷI;ﾉ ﾗヴ ゲデ;デｷゲデｷI;ﾉ ﾏﾗSWﾉふゲぶく  

Fﾉﾗ┘ Sｷ;ｪヴ;ﾏゲ ;ﾐS 
IﾗヴヴWゲヮﾗﾐSｷﾐｪ 
ﾏWデｴﾗSﾗﾉﾗｪｷI;ﾉ ┘ヴｷデWど
┌ヮゲ aﾗヴ W;Iｴ I;┌ゲWが ;ゲ 
┘Wﾉﾉ ;ゲ デｴW 
SWﾏﾗｪヴ;ヮｴｷIゲ ;ﾐS 
I;┌ゲW ﾗa SW;デｴ 
S;デ;H;ゲWゲ ;ﾐS 
ﾏﾗSWﾉﾉｷﾐｪ ヮヴﾗIWゲゲWゲが 
ｴ;┗W HWWﾐ ヮヴﾗ┗ｷSWS 

M;ｷﾐ デW┝デ ふMWデｴﾗSゲぶ 
;ﾐS ﾏWデｴﾗSゲ ;ヮヮWﾐSｷ┝ 

ヱヱ  DWゲIヴｷHW ｴﾗ┘ I;ﾐSｷS;デW ﾏﾗSWﾉゲ ┘WヴW W┗;ﾉ┌;デWS ;ﾐS ｴﾗ┘ デｴW 
aｷﾐ;ﾉ ﾏﾗSWﾉふゲぶ ┘WヴW ゲWﾉWIデWSく 

DWデ;ｷﾉゲ ﾗﾐ ﾏﾗSWﾉ 
W┗;ﾉ┌;デｷﾗﾐ ;ﾐS 
aｷﾐ;ﾉｷ┣;デｷﾗﾐ ｴ;┗W HWWﾐ 
ヮヴﾗ┗ｷSWS 

MWデｴﾗSゲ ;ヮヮWﾐSｷ┝

ヱヲ  Pヴﾗ┗ｷSW デｴW ヴWゲ┌ﾉデゲ ﾗa ;ﾐ W┗;ﾉ┌;デｷﾗﾐ ﾗa ﾏﾗSWﾉ ヮWヴaﾗヴﾏ;ﾐIWが ｷa 
SﾗﾐWが ;ゲ ┘Wﾉﾉ ;ゲ デｴW ヴWゲ┌ﾉデゲ ﾗa ;ﾐ┞ ヴWﾉW┗;ﾐデ ゲWﾐゲｷデｷ┗ｷデ┞ 
;ﾐ;ﾉ┞ゲｷゲく 

DWデ;ｷﾉゲ ﾗﾐ W┗;ﾉ┌;デｷﾗﾐ ﾗa 
ﾏﾗSWﾉ ヮWヴaﾗヴﾏ;ﾐIW 
ｴ;┗W HWWﾐ ヮヴﾗ┗ｷSWS 

MWデｴﾗSゲ ;ヮヮWﾐSｷ┝

ヱン  DWゲIヴｷHW ﾏWデｴﾗSゲ aﾗヴ I;ﾉI┌ﾉ;デｷﾐｪ ┌ﾐIWヴデ;ｷﾐデ┞ ﾗa デｴW 
Wゲデｷﾏ;デWゲく Sデ;デW ┘ｴｷIｴ ゲﾗ┌ヴIWゲ ﾗa ┌ﾐIWヴデ;ｷﾐデ┞ ┘WヴWが ;ﾐS ┘WヴW 
ﾐﾗデが ;IIﾗ┌ﾐデWS aﾗヴ ｷﾐ デｴW ┌ﾐIWヴデ;ｷﾐデ┞ ;ﾐ;ﾉ┞ゲｷゲく 

DWデ;ｷﾉゲ ﾗﾐ ┌ﾐIWヴデ;ｷﾐデ┞ 
I;ﾉI┌ﾉ;デｷﾗﾐゲ ｴ;┗W HWWﾐ 
ヮヴﾗ┗ｷSWS 

MWデｴﾗSゲ ;ヮヮWﾐSｷ┝

ヱヴ  Sデ;デW ｴﾗ┘ ;ﾐ;ﾉ┞デｷI ﾗヴ ゲデ;デｷゲデｷI;ﾉ ゲﾗ┌ヴIW IﾗSW ┌ゲWS デﾗ ｪWﾐWヴ;デW 
Wゲデｷﾏ;デWゲ I;ﾐ HW ;IIWゲゲWSく 

AIIWゲゲ ゲデ;デWﾏWﾐデ 
ヮヴﾗ┗ｷSWS 

CﾗSW ｷゲ ヮヴﾗ┗ｷSWS ｷﾐ ;ﾐ 
ﾗﾐﾉｷﾐW ヴWヮﾗゲｷデﾗヴ┞ ぷﾉｷﾐﾆ 
デﾗ HW ;SSWS ┌ヮﾗﾐ 
;IIWヮデ;ﾐIWへ 

RWゲ┌ﾉデゲ ;ﾐS DｷゲI┌ゲゲｷﾗﾐ 
ヱヵ  Pヴﾗ┗ｷSW ヮ┌HﾉｷゲｴWS Wゲデｷﾏ;デWゲ ｷﾐ ; aｷﾉW aﾗヴﾏ;デ aヴﾗﾏ ┘ｴｷIｴ S;デ; 

I;ﾐ HW WaaｷIｷWﾐデﾉ┞ W┝デヴ;IデWSく 
GBD ヲヰヱΑ ヴWゲ┌ﾉデゲ ;ヴW 
;┗;ｷﾉ;HﾉW デｴヴﾗ┌ｪｴ 
ﾗﾐﾉｷﾐW S;デ; 
┗ｷゲ┌;ﾉｷ┣;デｷﾗﾐ デﾗﾗﾉゲが デｴW 
GﾉﾗH;ﾉ HW;ﾉデｴ D;デ; 
E┝Iｴ;ﾐｪWが ;ﾐS デｴW 
ﾗﾐﾉｷﾐW S;デ; ケ┌Wヴ┞ デﾗﾗﾉ 

OﾐﾉｷﾐW S;デ; デﾗﾗﾉゲ ぷﾉｷﾐﾆゲ 
デﾗ HW ;SSWS ┌ヮﾗﾐ 
;IIWヮデ;ﾐIWへ 

ヱヶ  RWヮﾗヴデ ; ケ┌;ﾐデｷデ;デｷ┗W ﾏW;ゲ┌ヴW ﾗa デｴW ┌ﾐIWヴデ;ｷﾐデ┞ ﾗa デｴW 
Wゲデｷﾏ;デWゲ ふWくｪく ┌ﾐIWヴデ;ｷﾐデ┞ ｷﾐデWヴ┗;ﾉゲぶく 

UﾐIWヴデ;ｷﾐデ┞ ｷﾐデWヴ┗;ﾉゲ 
;ヴW ヮヴﾗ┗ｷSWS ┘ｷデｴ ;ﾉﾉ 
ヴWゲ┌ﾉデゲ 

M;ｷﾐ デW┝デが ﾏWデｴﾗSゲ 
;ヮヮWﾐSｷ┝が ;ﾐS ﾗﾐﾉｷﾐW 
S;デ; デﾗﾗﾉゲ ぷﾉｷﾐﾆゲ デﾗ HW 
;SSWS ┌ヮﾗﾐ 
;IIWヮデ;ﾐIWへ 
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ヱΑ  IﾐデWヴヮヴWデ ヴWゲ┌ﾉデゲ ｷﾐ ﾉｷｪｴデ ﾗa W┝ｷゲデｷﾐｪ W┗ｷSWﾐIWく Ia ┌ヮS;デｷﾐｪ ; 
ヮヴW┗ｷﾗ┌ゲ ゲWデ ﾗa Wゲデｷﾏ;デWゲが SWゲIヴｷHW デｴW ヴW;ゲﾗﾐゲ aﾗヴ Iｴ;ﾐｪWゲ ｷﾐ 
Wゲデｷﾏ;デWゲく 

DｷゲI┌ゲゲｷﾗﾐ ﾗa 
ﾏWデｴﾗSﾗﾉﾗｪｷI;ﾉ 
Iｴ;ﾐｪWゲ HWデ┘WWﾐ GBD 
ヲヰヱヶ ;ﾐS GBD ヲヰヱΑ 
┘;ゲ ヮヴﾗ┗ｷSWS  

M;ｷﾐ デW┝デ ふMWデｴﾗSゲ 
;ﾐS DｷゲI┌ゲゲｷﾗﾐぶ ;ﾐS 
ﾏWデｴﾗSゲ ;ヮヮWﾐSｷ┝ 

ヱΒ  DｷゲI┌ゲゲ ﾉｷﾏｷデ;デｷﾗﾐゲ ﾗa デｴW Wゲデｷﾏ;デWゲく IﾐIﾉ┌SW ; SｷゲI┌ゲゲｷﾗﾐ ﾗa 
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Cause or Sequela Name (Causes in bold) GBD ID Level

All causes 294 0

Communicable, maternal, neonatal, and nutritional diseases 295 1

HIV/AIDS and sexually transmitted infections 955 2

HIV/AIDS 298 3

HIV/AIDS - Drug-susceptible Tuberculosis 948 4

HIV/AIDS -  Drug-susceptible Tuberculosis 22682 5

HIV/AIDS -  Drug-susceptible Tuberculosis without anemia 5108 6

HIV/AIDS -  Drug-susceptible Tuberculosis with mild anemia 5099 6

HIV/AIDS -  Drug-susceptible Tuberculosis with moderate anemia 5102 6

HIV/AIDS -  Drug-susceptible Tuberculosis with severe anemia 5105 6

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug resistance 949 4

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug resistance 6482 5

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug resistance without anemia 5120 6

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug resistance with mild anemia 5111 6

Appendix Table 3: GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug resistance with moderate anemia 5114 6

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug resistance with severe anemia 5117 6

HIV/AIDS - Extensively drug-resistant Tuberculosis 950 4

HIV/AIDS - Extensively drug-resistant Tuberculosis 6479 5

HIV/AIDS - Extensively drug-resistant Tuberculosis without anemia 5132 6

HIV/AIDS - Extensively drug-resistant Tuberculosis with mild anemia 5123 6

HIV/AIDS - Extensively drug-resistant Tuberculosis with moderate anemia 5126 6

HIV/AIDS - Extensively drug-resistant Tuberculosis with severe anemia 5129 6

HIV/AIDS resulting in other diseases 300 4

HIV/AIDS not on antiretroviral treatment without Tuberculosis 6485 5

AIDS with mild anemia 5087 6

AIDS with moderate anemia 5090 6

AIDS with severe anemia 5093 6

AIDS without anemia 5096 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Early HIV with mild anemia 5051 6

Early HIV with moderate anemia 5054 6

Early HIV with severe anemia 5057 6

Early HIV without anemia 5060 6

Symptomatic HIV with mild anemia 5063 6

Symptomatic HIV with moderate anemia 5066 6

Symptomatic HIV with severe anemia 5069 6

Symptomatic HIV without anemia 5072 6

HIV/AIDS on antiretroviral treatment without Tuberculosis 6488 5

HIV/AIDS with antiretroviral treatment with mild anemia 5075 6

HIV/AIDS with antiretroviral treatment with moderate anemia 5078 6

HIV/AIDS with antiretroviral treatment with severe anemia 5081 6

HIV/AIDS with antiretroviral treatment without anemia 5084 6

Sexually transmitted infections excluding HIV 393 3
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Syphilis 394 4

Early syphilis 6326 5

Asymptomatic early syphilis infection 1202 6

Mild early syphilis infection 1203 6

Tertiary syphilis 6872 5

Asymptomatic adult tertiary syphilis 5156 6

Cardiovascular complications due to adult tertiary syphilis 5153 6

Neurological problems and cardiovascular complications due to adult tertiary syphilis 2048 6

Neurological problems due to adult tertiary syphilis 5150 6

Severe disfigurement and cardiovascular complications due to adult tertiary syphilis 2051 6

Severe disfigurement and neurological problems due to adult tertiary syphilis 2054 6

Severe disfigurement due to adult tertiary syphilis 5147 6

Severe disfigurement, neurological problems, and cardiovascular complications due to adult tertiary syphilis 2057 6

Chlamydial infection 395 4

843



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Chlamydia episode 6239 5

Asymptomatic chlamydial infection 918 6

Mild chlamydial infection 917 6

Chlamydial infection complications 6242 5

Epididymo-orchitis due to chlamydial infection 214 6

Moderate pelvic inflammatory diseases due to chlamydial infection 215 6

Severe pelvic inflammatory diseases due to chlamydial infection 216 6

Primary infertility due to chlamydial infection 217 6

Secondary infertility due to chlamydial infection 218 6

Gonococcal infection 396 4

Gonococcal infection complications 6398 5

Epididymo-orchitis due to gonococcal infection 219 6

Moderate pelvic inflammatory diseases due to gonococcal infection 220 6

Severe pelvic inflammatory diseases due to gonococcal infection 221 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Gonorrhoea episode 6401 5

Asymptomatic gonococcal infection 920 6

Mild gonococcal infection 919 6

Primary infertility due to gonococcal infection 222 6

Secondary infertility due to gonococcal infection 223 6

Trichomoniasis 397 4

Trichomoniasis 6893 5

Asymptomatic trichomoniasis infection 922 6

Acute trichomoniasis infection 921 6

Genital herpes 398 4

Genital herpes 6392 5

Asymptomatic genital herpes 831 6

Symptomatic genital herpes 788 6

Moderate infection due to initial genital herpes episode 942 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Other sexually transmitted infections 399 4

Other sexually transmitted diseases 22847 5

Primary infertility due to other sexually transmitted diseases 226 6

Secondary infertility due to other sexually transmitted diseases 227 6

Moderate pelvic inflammatory diseases due to other sexually transmitted diseases 224 6

Severe pelvic inflammatory diseases due to other sexually transmitted diseases 225 6

Other sexually transmitted diseases residual 808 6

Respiratory infections and tuberculosis 956 2

Tuberculosis 297 3

Latent tuberculosis infection 954 4

Latent tuberculosis infection 2192 5

Drug-susceptible tuberculosis 934 4

Drug-susceptible tuberculosis 1493 5

Multidrug-resistant tuberculosis without extensive drug resistance 946 4
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Multidrug-resistant tuberculosis without extensive drug resistance 1496 5

Extensively drug-resistant tuberculosis 947 4

Extensively drug-resistant tuberculosis 1499 5

Lower respiratory infections 322 3

Lower respiratory infection episode 6569 5

Moderate lower respiratory infections 669 6

Severe lower respiratory infections 670 6

Guillain-Barré syndrome due to lower respiratory infections 671 5

Upper respiratory infections 328 3

Upper respiratory infection episode 6926 5

Mild upper respiratory infections 15 6

Moderate upper respiratory infections 16 6

Guillain-Barré syndrome due to upper respiratory infections 17 5

Otitis media 329 3
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Acute otitis media 18 5

Chronic otitis media 6263 5

Mild hearing loss due to chronic otitis media 1054 6

Mild hearing loss with ringing due to chronic otitis media 1055 6

Moderate hearing loss due to chronic otitis media 1104 6

Moderate hearing loss with ringing due to chronic otitis media 1105 6

Severe infectious complications due to chronic otitis media 829 6

Vertigo with mild hearing loss and ringing due to chronic otitis media 973 6

Vertigo with mild hearing loss due to chronic otitis media 972 6

Vertigo with moderate hearing loss and ringing due to chronic otitis media 1103 6

Vertigo with moderate hearing loss due to chronic otitis media 1102 6

Enteric infections 957 2

Diarrheal diseases 302 3

Diarrheal disease episode 6308 5
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild diarrheal diseases 665 6

Moderate diarrheal diseases 666 6

Severe diarrheal diseases 667 6

Guillain-Barré syndrome due to diarrheal diseases 668 5

Typhoid and paratyphoid 958 3

Typhoid fever 319 4

Typhoid fever episode 6911 5

Acute typhoid infection 7 6

Severe typhoid fever 8 6

Typhoid fever complications 6908 5

Gastrointestinal bleeding due to typhoid 971 6

Intestinal perforation due to typhoid 9 6

Paratyphoid fever 320 4

Paratyphoid fever episode 6734 5
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Acute paratyphoid infection 10 6

Moderate paratyphoid fever 11 6

Severe paratyphoid fever 12 6

Intestinal perforation due to paratyphoid 13 5

Invasive Non-typhoidal Salmonella (iNTS) 959 3

Severe acute iNTS 5555 5

Other intestinal infectious diseases 321 3

Other intestinal infectious diseases 14 5

Neglected tropical diseases and malaria 344 2

Malaria 345 3

Malaria parasitemia 22685 5

Asymptomatic malaria parasitemia (PfPR) 1056 6

Mild anemia due to malaria parasitemia (PfPR) 1057 6

Moderate anemia due to malaria parasitemia (PfPR) 1058 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe anemia due to malaria parasitemia (PfPR) 1059 6

Asymptomatic malaria vivax (PvPR) 5615 6

Mild anemia due to malaria vivax (PvPR) 5606 6

Moderate anemia due to malaria vivax (PvPR) 5609 6

Severe anemia due to malaria vivax (PvPR) 5612 6

Malaria episode 6581 5

Mild malaria 121 6

Mild malaria with mild anemia 5027 6

Mild malaria with moderate anemia 5030 6

Mild malaria with severe anemia 5033 6

Moderate malaria 122 6

Moderate malaria with mild anemia 5036 6

Moderate malaria with moderate anemia 5039 6

Moderate malaria with severe anemia 5042 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe malaria 123 6

Severe malaria with mild anemia 5018 6

Severe malaria with moderate anemia 5021 6

Severe malaria with severe anemia 5024 6

Malaria complications 6578 5

Moderate motor impairment due to malaria 884 6

Moderate motor impairment with blindness and epilepsy due to malaria 887 6

Moderate motor impairment with blindness due to malaria 885 6

Moderate motor impairment with epilepsy due to malaria 886 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to malaria 890 6

Moderate motor plus cognitive impairment with blindness due to malaria 888 6

Moderate motor plus cognitive impairment with epilepsy due to malaria 889 6

Severe motor impairment due to malaria 891 6

Severe motor impairment with blindness and epilepsy due to malaria 894 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe motor impairment with blindness due to malaria 892 6

Severe motor impairment with epilepsy due to malaria 893 6

Severe motor plus cognitive impairment with blindness and epilepsy due to malaria 897 6

Severe motor plus cognitive impairment with blindness due to malaria 895 6

Severe motor plus cognitive impairment with epilepsy due to malaria 896 6

Chagas disease 346 3

Asymptomatic Chagas disease 935 5

Acute Chagas disease 124 5

Symptomatic chronic Chagas infection 6866 5

Atrial fibrillation and flutter due to Chagas disease 125 6

Mild chronic digestive disease due to Chagas disease 126 6

Moderate chronic digestive disease due to Chagas disease 127 6

Controlled, medically managed heart failure due to Chagas disease 5735 6

Mild heart failure due to Chagas disease 128 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate heart failure due to Chagas disease 129 6

Severe heart failure due to Chagas disease 130 6

Leishmaniasis 347 3

Visceral leishmaniasis 348 4

Visceral leishmaniasis 6953 5

Moderate visceral leishmaniasis 131 6

Severe visceral leishmaniasis 132 6

Cutaneous and mucocutaneous leishmaniasis 349 4

Cutaneous and mucocutaneous leishmaniasis 133 5

African trypanosomiasis 350 3

Trypanosomiasis Gambiense 6899 5

Skin disfigurement due to Trypanosoma brucei gambiense 1454 6

Sleeping sickness due to Trypanosoma brucei gambiense 1457 6

Trypanosomiasis Rhodesiense 6902 5
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Skin disfigurement due to Trypanosoma brucei rhodesiense 1463 6

Sleeping sickness due to Trypanosoma brucei rhodesiense 1460 6

Schistosomiasis 351 3

Mild schistosomiasis 136 5

Anemia due to schistosomiasis 6161 5

Mild anemia due to schistosomiasis 144 6

Moderate anemia due to schistosomiasis 145 6

Severe anemia due to schistosomiasis 146 6

Schistosomiasis complications 6779 5

Ascites due to schistosomiasis 140 6

Bladder pathology due to schistosomiasis 142 6

Dysuria due to schistosomiasis 141 6

Hematemesis due to schistosomiasis 138 6

Hepatomegaly due to schistosomiasis 139 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Hydronephrosis due to schistosomiasis 143 6

Mild diarrhea due to schistosomiasis 137 6

Cysticercosis 352 3

Neurocysticercosis with epilepsy 689 5

Cystic echinococcosis 353 3

Cystic echinococcosis 22688 5

Abdominal problems due to cystic echinococcosis 147 6

Chronic respiratory disease due to cystic echinococcosis 148 6

Epilepsy due to echinococcosis 787 6

Lymphatic filariasis 354 3

Prevalence of detectable microfiliaria due to lymphatic filariasis 149 5

Lymphatic filariasis complications 6572 5

Acute adenolymphangitis due to lymphatic filariasis 4946 6

Hydrocele due to lymphatic filariasis 151 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Lymphedema due to lymphatic filariasis 150 6

Onchocerciasis 355 3

Asymptomatic onchocerciasis 956 5

Skin disease due to onchocerciasis 6803 5

Mild skin disease due to onchocerciasis 152 6

Mild skin disease without itch due to onchocerciasis 673 6

Moderate skin disease due to onchocerciasis 153 6

Severe skin disease due to onchocerciasis 658 6

Severe skin disease without itch due to onchocerciasis 674 6

Vision loss due to onchocerciasis 6965 5

Blindness due to onchocerciasis 875 6

Moderate vision impairment due to onchocerciasis 876 6

Severe vision impairment due to onchocerciasis 877 6

Trachoma 356 3
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Vision impairment due to trachoma 22691 5

Moderate vision impairment due to trachoma 154 6

Severe vision impairment due to trachoma 155 6

Blindness due to trachoma 156 6

Dengue 357 3

Dengue episode 6299 5

Moderate dengue 157 6

Severe dengue 158 6

Post-dengue chronic fatigue syndrome 159 5

Yellow fever 358 3

Asymptomatic yellow fever 1112 5

Yellow fever episode 6977 5

Moderate yellow fever 160 6

Severe yellow fever 161 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Rabies 359 3

Rabies 162 5

Intestinal nematode infections 360 3

Ascariasis 361 4

Asymptomatic ascariasis 957 5

Ascariasis complications 6176 5

Heavy infestation of ascariasis 163 6

Mild abdominopelvic problems due to ascariasis 164 6

Severe wasting due to ascariasis 165 6

Trichuriasis 362 4

Asymptomatic trichuriasis 958 5

Trichuriasis complications 6896 5

Heavy infestation of trichuriasis 166 6

Mild abdominopelvic problems due to trichuriasis 167 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe wasting due to trichuriasis 168 6

Hookworm disease 363 4

Asymptomatic hookworm disease 974 5

Anemia due to hookworm disease 6149 5

Mild anemia due to hookworm disease 172 6

Moderate anemia due to hookworm disease 173 6

Severe anemia due to hookworm disease 174 6

Hookworm disease complications 6494 5

Heavy infestation of hookworm 169 6

Mild abdominopelvic problems due to hookworm disease 170 6

Severe wasting due to hookworm disease 171 6

Food-borne trematodiases 364 3

Asymptomatic food-borne tremodiases 6182 5

Asymptomatic clonorchiasis 959 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Asymptomatic fascioliasis 960 6

Asymptomatic intestinal fluke infection 961 6

Asymptomatic opisthorchiasis 962 6

Asymptomatic paragonimiasis 963 6

Food-borne tremodiases complications 6371 5

Cerebral paragonimiasis 175 6

Heavy clonorchiasis due to food-borne trematodiases 908 6

Heavy fascioliasis due to food-borne trematodiases 909 6

Heavy intestinal fluke infection due to food-borne trematodiases 910 6

Heavy opisthorchiasis due to food-borne trematodiases 911 6

Mild paragonimiasis due to food-borne trematodiases 1341 6

Moderate paragonimiasis due to food-borne trematodiases 1342 6

Severe paragonimiasis due to food-borne trematodiases 1343 6

Leprosy 405 3
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Leprosy 22694 5

Disfigurement level 1 due to leprosy 237 6

Disfigurement level 2 due to leprosy 238 6

Ebola 843 3

Ebola cases 1184 5

Post-Ebola chronic fatigue syndrome 1185 5

Zika virus 935 3

Zika virus episode 6983 5

Asymptomatic Zika infection 1520 6

Acute Zika infection 1511 6

Zika virus complications 6980 5

Congenital Zika syndrome 1517 6

Guillain–Barré syndrome due to Zika infection 1514 6

Guinea worm disease 936 3
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Guinea worm disease complications 6407 5

Mild pain due to Guinea worm emergence 2204 6

Moderate pain and limited mobility due to guinea worm 5537 5

Other neglected tropical diseases 365 3

Acute infection due to other neglected tropical diseases 176 5

Anemia due to other neglected tropical diseases 6158 5

Mild anemia due to other neglected tropical diseases 177 6

Moderate anemia due to other neglected tropical diseases 178 6

Severe anemia due to other neglected tropical diseases 179 6

Other infectious diseases 961 2

Meningitis 332 3

Pneumococcal meningitis 333 4

Acute pneumococcal meningitis 19 5

Pneumococcal meningitis complications 6998 5
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild hearing loss due to pneumococcal meningitis 30 6

Mild hearing loss with ringing due to pneumococcal meningitis 31 6

Moderate hearing loss due to pneumococcal meningitis 32 6

Moderate hearing loss with ringing due to pneumococcal meningitis 33 6

Moderately severe hearing loss due to pneumococcal meningitis 34 6

Moderately severe hearing loss with ringing due to pneumococcal meningitis 35 6

Severe hearing loss due to pneumococcal meningitis 36 6

Severe hearing loss with ringing due to pneumococcal meningitis 37 6

Profound hearing loss due to pneumococcal meningitis 38 6

Profound hearing loss with ringing due to pneumococcal meningitis 39 6

Complete hearing loss due to pneumococcal meningitis 40 6

Complete hearing loss with ringing due to pneumococcal meningitis 41 6

Monocular distance vision loss due to pneumococcal meningitis 640 6

Moderate vision impairment due to pneumococcol meningitis 1143 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe vision impairment due to pneumococcol meningitis 1144 6

Blindness due to pneumococcal meningitis 850 6

Borderline intellectual disability due to pneumococcal meningitis 23 6

Mild intellectual disability due to pneumococcal meningitis 24 6

Epilepsy due to pneumococcal meningitis 29 6

Mild behavioral problems due to pneumococcal meningitis 20 6

Mild motor impairment due to long term due to pneumococcal meningitis 21 6

Mild motor plus cognitive impairments due to pneumococcal meningitis 22 6

Moderate motor impairment due to pneumococcal meningitis 25 6

Moderate motor plus cognitive impairments due to pneumococcal meningitis 27 6

Severe motor impairment due to pneumococcal meningitis 26 6

Severe motor plus cognitive impairments due to pneumococcal meningitis 28 6

H influenzae type B meningitis 334 4

Acute H influenzae type B meningitis 42 5
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

H Influenza type B meningitis complications 6989 5

Mild hearing loss due to H influenzae type B meningitis 53 6

Mild hearing loss with ringing due to H influenzae type B meningitis 54 6

Moderate hearing loss due to H influenzae type B meningitis 55 6

Moderate hearing loss with ringing due to H influenzae type B meningitis 56 6

Moderately severe hearing loss due to H influenzae type B meningitis 57 6

Moderately severe hearing loss with ringing due to H influenzae type B meningitis 58 6

Severe hearing loss due to H influenzae type B meningitis 59 6

Severe hearing loss with ringing due to H influenzae type B meningitis 60 6

Profound hearing loss due to H influenzae type B meningitis 61 6

Profound hearing loss with ringing due to H influenzae type B meningitis 62 6

Complete hearing loss due to H influenzae type B meningitis 63 6

Complete hearing loss with ringing due to H influenzae type B meningitis 64 6

Monocular distance vision loss due to H influenzae type B meningitis 641 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate vision impairment due to H influenza type B meningitis 1145 6

Severe vision impairment due to H influenza type B meningitis 1146 6

Blindness due to H influenzae type B meningitis 847 6

Borderline intellectual disability due to H influenzae type B meningitis 46 6

Mild intellectual disability due to H influenzae type B meningitis 47 6

Epilepsy due to H influenzae type B meningitis 52 6

Mild behavioral problems due to H influenzae type B meningitis 43 6

Mild motor impairment due to long term due to H influenzae type B meningitis 44 6

Mild motor plus cognitive impairments due to H influenzae type B meningitis 45 6

Moderate motor impairment due to H influenzae type B meningitis 48 6

Moderate motor plus cognitive impairments due to H influenzae type B meningitis 50 6

Severe motor impairment due to H influenzae type B meningitis 49 6

Severe motor plus cognitive impairments due to H influenzae type B meningitis 51 6

Meningococcal meningitis 335 4
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Acute meningococcal meningitis 65 5

Meningococcal meningitis complications 6992 5

Mild hearing loss due to meningococcal meningitis 76 6

Mild hearing loss with ringing due to meningococcal meningitis 77 6

Moderate hearing loss due to meningococcal meningitis 78 6

Moderate hearing loss with ringing due to meningococcal meningitis 79 6

Moderately severe hearing loss due to meningococcal meningitis 80 6

Moderately severe hearing loss with ringing due to meningococcal meningitis 81 6

Severe hearing loss due to meningococcal meningitis 82 6

Severe hearing loss with ringing due to meningococcal meningitis 83 6

Profound hearing loss due to meningococcal meningitis 84 6

Profound hearing loss with ringing due to meningococcal meningitis 85 6

Complete hearing loss due to meningococcal meningitis 86 6

Complete hearing loss with ringing due to meningococcal meningitis 87 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Monocular distance vision loss due to meningococcal meningitis 642 6

Moderate vision impairment due to meningococcal meningitis 1147 6

Severe vision impairment due to meningococcal meningitis 1148 6

Blindness due to meningococcal meningitis 848 6

Borderline intellectual disability due to meningococcal meningitis 69 6

Epilepsy due to meningococcal meningitis 75 6

Mild behavioral problems due to meningococcal meningitis 66 6

Mild intellectual disability due to meningococcal meningitis 70 6

Mild motor impairment due to long term due to meningococcal meningitis 67 6

Mild motor plus cognitive impairments due to meningococcal meningitis 68 6

Moderate motor impairment due to meningococcal meningitis 71 6

Moderate motor plus cognitive impairments due to meningococcal meningitis 73 6

Severe motor impairment due to meningococcal meningitis 72 6

Severe motor plus cognitive impairments due to meningococcal meningitis 74 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Other meningitis 336 4

Other acute bacterial meningitis 88 5

Other bacterial meningitis complications 6995 5

Mild hearing loss due to other bacterial meningitis 99 6

Mild hearing loss due with ringing to other bacterial meningitis 100 6

Moderate hearing loss due to other bacterial meningitis 101 6

Moderate hearing loss with ringing due to other bacterial meningitis 102 6

Moderately severe hearing loss due to other bacterial meningitis 103 6

Moderately severe hearing loss with ringing due to other bacterial meningitis 104 6

Severe hearing loss due to other bacterial meningitis 105 6

Severe hearing loss with ringing due to other bacterial meningitis 106 6

Profound hearing loss due to other bacterial meningitis 107 6

Profound hearing loss with ringing due to other bacterial meningitis 108 6

Complete hearing loss due to other bacterial meningitis 109 6

870



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Complete hearing loss with ringing due to other bacterial meningitis 110 6

Monocular distance vision loss due to other bacterial meningitis 643 6

Moderate vision impairment due to other bacterial meningitis 1149 6

Severe vision impairment due to other bacterial meningitis 1150 6

Blindness due to other bacterial meningitis 849 6

Borderline intellectual disability due to other bacterial meningitis 92 6

Epilepsy due to other meningitis 98 6

Mild behavioral problems due to other bacterial meningitis 89 6

Mild intellectual disability due to other bacterial meningitis 93 6

Mild motor impairment due to long term due to other bacterial meningitis 90 6

Mild motor plus cognitive impairments due to other bacterial meningitis 91 6

Moderate motor impairment due to other bacterial meningitis 94 6

Moderate motor plus cognitive impairments due to other bacterial meningitis 96 6

Severe motor impairment due to other bacterial meningitis 95 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe motor plus cognitive impairments due to other bacterial meningitis 97 6

Acute viral meningitis 111 5

Encephalitis 337 3

Acute encephalitis 112 5

Encephalitis complications 6986 5

Monocular distance vision loss due to encephalitis 797 6

Moderate vision impairment due to encephalitis 1151 6

Severe vision impairment due to encephalitis 1152 6

Blindness due to encephalitis 874 6

Borderline intellectual disability due to encephalitis 796 6

Epilepsy due to encephalitis 803 6

Mild behavioral problems due to encephalitis 793 6

Mild intellectual disability due to encephalitis 798 6

Mild motor impairment due to long term due to encephalitis 794 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild motor plus cognitive impairments due to encephalitis 795 6

Moderate motor impairment due to encephalitis 799 6

Moderate motor plus cognitive impairments due to encephalitis 801 6

Severe motor impairment due to encephalitis 800 6

Severe motor plus cognitive impairments due to encephalitis 802 6

Diphtheria 338 3

Diphtheria episodes 22697 5

Moderate diphtheria 113 6

Severe diphtheria 114 6

Whooping cough 339 3

Whooping cough 115 5

Tetanus 340 3

Severe tetanus 116 5

Neonatal tetanus complications 6653 5

873



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild motor impairment due to neonatal tetanus 785 6

Mild motor plus cognitive impairments due to neonatal tetanus 786 6

Moderate motor impairment due to neonatal tetanus 737 6

Moderate motor impairment with blindness and epilepsy due to neonatal tetanus 754 6

Moderate motor impairment with blindness due to neonatal tetanus 746 6

Moderate motor impairment with epilepsy due to neonatal tetanus 756 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to neonatal tetanus 710 6

Moderate motor plus cognitive impairment with blindness due to neonatal tetanus 706 6

Moderate motor plus cognitive impairment with epilepsy due to neonatal tetanus 714 6

Severe motor impairment due to neonatal tetanus 766 6

Severe motor impairment with blindness and epilepsy due to neonatal tetanus 773 6

Severe motor impairment with blindness due to neonatal tetanus 768 6

Severe motor impairment with epilepsy due to neonatal tetanus 781 6

Severe motor plus cognitive impairment with blindness and epilepsy due to neonatal tetanus 730 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe motor plus cognitive impairment with blindness due to neonatal tetanus 719 6

Severe motor plus cognitive impairment with epilepsy due to neonatal tetanus 736 6

Measles 341 3

Measles episodes 22700 5

Moderate measles 117 6

Severe measles 118 6

Varicella and herpes zoster 342 3

Chickenpox 119 5

Herpes zoster 120 5

Acute hepatitis 400 3

Acute hepatitis A 401 4

Acute Hepatitis A episode 6101 5

Asymptomatic acute hepatitis A 862 6

Moderate acute hepatitis A 229 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe acute hepatitis A 230 6

Acute hepatitis B 402 4

Acute Hepatitis B episode 6104 5

Asymptomatic acute hepatitis B 863 6

Moderate acute hepatitis B 231 6

Severe acute hepatitis B 232 6

Acute hepatitis C 403 4

Acute Hepatitis C episode 6107 5

Asymptomatic acute hepatitis C 864 6

Moderate acute hepatitis C 233 6

Severe acute hepatitis C 234 6

Acute hepatitis E 404 4

Acute Hepatitis E episode 6110 5

Asymptomatic acute hepatitis E 865 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate acute hepatitis E 235 6

Severe acute hepatitis E 236 6

Other unspecified infectious diseases 408 3

Other infectious diseases 5159 5

Anemia due to other infectious diseases 6155 5

Mild anemia due to other infectious diseases 240 6

Moderate anemia due to other infectious diseases 241 6

Severe anemia due to other infectious diseases 242 6

Guillain-Barré syndrome due to other infectious diseases 243 5

Maternal and neonatal disorders 962 2

Maternal disorders 366 3

Maternal hemorrhage 367 4

Maternal hemorrhage episode 6593 5

Maternal hemorrhage (< 1L blood lost) 180 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Maternal hemorrhage (> 1L blood lost) 181 6

Maternal hemorrhage complications 6590 5

Mild anemia due to maternal hemorrhage 182 6

Moderate anemia due to maternal hemorrhage 183 6

Severe anemia due to maternal hemorrhage 184 6

Maternal sepsis and other maternal infections 368 4

Maternal sepsis and other maternal infection episode 6608 5

Other maternal infections 938 6

Puerperal sepsis 937 6

Infertility due to puerperal sepsis 675 5

Maternal hypertensive disorders 369 4

Maternal hypertensive disorder episode 6599 5

Severe pre-eclampsia 185 6

Eclampsia 186 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Other hypertensive disorders of pregnancy 676 6

Maternal hypertensive disorder complications 6596 5

Long term sequelae of severe pre-eclampsia 187 6

Long term sequelae of eclampsia 677 6

Maternal obstructed labor and uterine rupture 370 4

Obstructed labor, acute event 188 5

Maternal obstructed labor complications 6602 5

Rectovaginal fistula 189 6

Vesicovaginal fistula 190 6

Maternal abortion and miscarriage 995 4

Maternal abortive outcome 191 5

Ectopic pregnancy 374 4

Ectopic Pregnancy 5165 5

Indirect maternal deaths 375 4
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Late maternal deaths 376 4

Maternal deaths aggravated by HIV/AIDS 741 4

Other maternal disorders 379 4

Other maternal disorders 192 5

Neonatal disorders 380 3

Neonatal preterm birth 381 4

Uncomplicated preterm birth 6914 5

Asymptomatic neonatal preterm birth 28-<32 wks 1247 6

Asymptomatic neonatal preterm birth 32-<37wks 1248 6

Asymptomatic neonatal preterm birth <28 weeks 1246 6

Preterm birth complications 6767 5

Mild motor impairment due to neonatal preterm birth complications 28-32wks 869 6

Mild motor impairment due to neonatal preterm birth complications 32-36wks 870 6

Mild motor impairment due to neonatal preterm birth complications <28wks 868 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild motor plus cognitive impairments due to neonatal preterm birth complications 28-32wks 872 6

Mild motor plus cognitive impairments due to neonatal preterm birth complications 32-36wks 873 6

Mild motor plus cognitive impairments due to neonatal preterm birth complications <28wks 871 6

Moderate motor impairment due to neonatal preterm birth complications 28-32wks 739 6

Moderate motor impairment due to neonatal preterm birth complications 32-36wks 742 6

Moderate motor impairment due to neonatal preterm birth complications <28wks 741 6

Moderate motor impairment with blindness and epilepsy due to neonatal preterm birth complications 28-32wks 752 6

Moderate motor impairment with blindness and epilepsy due to neonatal preterm birth complications 32-36wks 751 6

Moderate motor impairment with blindness and epilepsy due to neonatal preterm birth complications <28wks 753 6

Moderate motor impairment with blindness due to neonatal preterm birth complications 28-32wks 744 6

Moderate motor impairment with blindness due to neonatal preterm birth complications 32-36wks 745 6

Moderate motor impairment with blindness due to neonatal preterm birth complications <28wks 743 6

Moderate motor impairment with epilepsy due to neonatal preterm birth complications 28-32wks 757 6

Moderate motor impairment with epilepsy due to neonatal preterm birth complications 32-36wks 755 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate motor impairment with epilepsy due to neonatal preterm birth complications <28wks 759 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to neonatal preterm birth complications 28-

32wks
709 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to neonatal preterm birth complications 32-

36wks
707 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to neonatal preterm birth complications 

<28wks
708 6

Moderate motor plus cognitive impairment with blindness due to neonatal preterm birth complications 28-32wks 702 6

Moderate motor plus cognitive impairment with blindness due to neonatal preterm birth complications 32-36wks 704 6

Moderate motor plus cognitive impairment with blindness due to neonatal preterm birth complications <28wks 703 6

Moderate motor plus cognitive impairment with epilepsy due to neonatal preterm birth complications 28-32wks 718 6

Moderate motor plus cognitive impairment with epilepsy due to neonatal preterm birth complications 32-36wks 713 6

Moderate motor plus cognitive impairment with epilepsy due to neonatal preterm birth complications <28wks 717 6

Severe motor impairment due to neonatal preterm birth complications 28-32wks 765 6

Severe motor impairment due to neonatal preterm birth complications 32-36wks 764 6

Severe motor impairment due to neonatal preterm birth complications <28wks 763 6

Severe motor impairment with blindness and epilepsy due to neonatal preterm birth complications 28-32wks 775 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe motor impairment with blindness and epilepsy due to neonatal preterm birth complications 32-36wks 777 6

Severe motor impairment with blindness and epilepsy due to neonatal preterm birth complications <28wks 774 6

Severe motor impairment with blindness due to neonatal preterm birth complications 28-32wks 767 6

Severe motor impairment with blindness due to neonatal preterm birth complications 32-36wks 771 6

Severe motor impairment with blindness due to neonatal preterm birth complications <28wks 770 6

Severe motor impairment with epilepsy due to neonatal preterm birth complications 28-32wks 783 6

Severe motor impairment with epilepsy due to neonatal preterm birth complications 32-36wks 780 6

Severe motor impairment with epilepsy due to neonatal preterm birth complications <28wks 782 6

Severe motor plus cognitive impairment with blindness and epilepsy due to neonatal preterm birth complications 28-

32wks
725 6

Severe motor plus cognitive impairment with blindness and epilepsy due to neonatal preterm birth complications 32-

36wks
729 6

Severe motor plus cognitive impairment with blindness and epilepsy due to neonatal preterm birth complications <28wks 726 6

Severe motor plus cognitive impairment with blindness due to neonatal preterm birth complications 28-32wks 720 6

Severe motor plus cognitive impairment with blindness due to neonatal preterm birth complications 32-36wks 721 6

Severe motor plus cognitive impairment with blindness due to neonatal preterm birth complications <28wks 724 6
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GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe motor plus cognitive impairment with epilepsy due to neonatal preterm birth complications 28-32wks 735 6

Severe motor plus cognitive impairment with epilepsy due to neonatal preterm birth complications 32-36wks 734 6

Severe motor plus cognitive impairment with epilepsy due to neonatal preterm birth complications <28wks 731 6

Retinopathy of prematurity 6773 5

Asymptomatic retinopathy of prematurity 866 6

Blindness due to retinopathy of prematurity 867 6

Mild vision impairment due to retinopathy of prematurity 193 6

Moderate vision impairment due to retinopathy of prematurity 915 6

Severe vision impairment due to retinopathy of prematurity 916 6

Neonatal encephalopathy due to birth asphyxia and trauma 382 4

Neonatal encephalopathy due to birth asphyxia and trauma 6644 5

Mild motor plus cognitive impairments due to neonatal encephalopathy due to birth asphyxia and trauma 194 6

Mild motor impairment due to neonatal encephalopathy due to birth asphyxia and trauma 195 6

Moderate motor plus cognitive impairment with blindness due to neonatal encephalopathy due to birth asphyxia and 

trauma
705 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate motor plus cognitive impairment with blindness and epilepsy due to neonatal encephalopathy due to birth 

asphyxia and trauma
712 6

Moderate motor plus cognitive impairment with epilepsy due to neonatal encephalopathy due to birth asphyxia and 

trauma
716 6

Severe motor plus cognitive impairment with blindness due to neonatal encephalopathy due to birth asphyxia and trauma 723 6

Severe motor plus cognitive impairment with blindness and epilepsy due to neonatal encephalopathy due to birth 

asphyxia and trauma
728 6

Severe motor plus cognitive impairment with epilepsy due to neonatal encephalopathy due to birth asphyxia and trauma 732 6

Moderate motor impairment due to neonatal encephalopathy due to birth asphyxia and trauma 740 6

Moderate motor impairment with blindness due to neonatal encephalopathy due to birth asphyxia and trauma 747 6

Moderate motor impairment with blindness and epilepsy due to neonatal encephalopathy due to birth asphyxia and 

trauma
750 6

Moderate motor impairment with epilepsy due to neonatal encephalopathy due to birth asphyxia and trauma 758 6

Severe motor impairment due to neonatal encephalopathy due to birth asphyxia and trauma 761 6

Severe motor impairment with blindness due to neonatal encephalopathy due to birth asphyxia and trauma 772 6

Severe motor impairment with blindness and epilepsy due to neonatal encephalopathy due to birth asphyxia and trauma 778 6

Severe motor impairment with epilepsy due to neonatal encephalopathy due to birth asphyxia and trauma 779 6

Asymptomatic neonatal encephalopathy due to birth asphyxia and trauma 1249 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Neonatal sepsis and other neonatal infections 383 4

Neonatal sepsis and other neonatal infection episode 6650 5

Neonatal sepsis and other neonatal infection complications 6647 5

Mild motor impairment due to neonatal sepsis and other neonatal infections 1252 6

Mild motor plus cognitive impairments due to neonatal sepsis and other neonatal infections 1251 6

Moderate motor impairment due to neonatal sepsis and other neonatal infections 1253 6

Moderate motor impairment with blindness and epilepsy due to neonatal sepsis and other neonatal infections 1256 6

Moderate motor impairment with blindness due to neonatal sepsis and other neonatal infections 1254 6

Moderate motor impairment with epilepsy due to neonatal sepsis and other neonatal infections 1255 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to neonatal sepsis and other neonatal 

infections
1259 6

Moderate motor plus cognitive impairment with blindness due to neonatal sepsis and other neonatal infections 1257 6

Moderate motor plus cognitive impairment with epilepsy due to neonatal sepsis and other neonatal infections 1258 6

Severe motor impairment due to neonatal sepsis and other neonatal infections 1260 6

Severe motor impairment with blindness and epilepsy due to neonatal sepsis and other neonatal infections 1263 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe motor impairment with blindness due to neonatal sepsis and other neonatal infections  1261 6

Severe motor impairment with epilepsy due to neonatal sepsis and other neonatal infections 1262 6

Severe motor plus cognitive impairment with blindness and epilepsy due to neonatal sepsis and other neonatal infections 1266 6

Severe motor plus cognitive impairment with blindness due to neonatal sepsis and other neonatal infections 1264 6

Severe motor plus cognitive impairment with epilepsy due to neonatal sepsis and other neonatal infections 1265 6

Asymptomatic neonatal sepsis and other neonatal infections 1250 6

Hemolytic disease and other neonatal jaundice 384 4

Hemolytic disease and other neonatal jaundice 6470 5

Moderate motor impairment due to hemolytic disease and other neonatal jaundice 738 6

Moderate motor impairment with blindness due to hemolytic disease and other neonatal jaundice 748 6

Moderate motor impairment with blindness and epilepsy due to hemolytic disease and other neonatal jaundice 749 6

Moderate motor impairment with epilepsy due to hemolytic disease and other neonatal jaundice 760 6

Moderate motor plus cognitive impairment with blindness due to hemolytic disease and other neonatal jaundice 701 6

Moderate motor plus cognitive impairment with blindness and epilepsy due to hemolytic disease and other neonatal 

jaundice
711 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate motor plus cognitive impairment with epilepsy due to hemolytic disease and other neonatal jaundice 715 6

Severe motor plus cognitive impairment with blindness due to hemolytic disease and other neonatal jaundice 722 6

Severe motor plus cognitive impairment with blindness and epilepsy due to hemolytic disease and other neonatal 

jaundice
727 6

Severe motor plus cognitive impairment with epilepsy due to hemolytic disease and other neonatal jaundice 733 6

Severe motor impairment severe due to hemolytic disease and other neonatal jaundice 762 6

Severe motor impairment with blindness due to hemolytic disease and other neonatal jaundice 769 6

Severe motor impairment with blindness and epilepsy due to hemolytic disease and other neonatal jaundice 776 6

Severe motor impairment with epilepsy due to hemolytic disease and other neonatal jaundice 784 6

Extreme hyperbilirubinemia due to hemolytic disease and other neonatal jaundice, without kernicterus 7223 6

Other neonatal disorders 385 4

Other neonatal disorders 197 5

Nutritional deficiencies 386 2

Protein-energy malnutrition 387 3

Protein-energy malnutrition 6473 5

888



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate wasting with edema 198 6

Severe wasting without edema 199 6

Moderate wasting without edema 2033 6

Severe wasting with edema 2036 6

Iodine deficiency 388 3

Visible goiter without symptoms 200 5

Visible goiter with complications 22703 5

Visible goiter with profound intellectual disability due to iodine deficiency 202 6

Visible goiter with severe intellectual disability due to iodine deficiency 201 6

Vitamin A deficiency 389 3

Asymptomatic vitamin A deficiency 2189 5

Vitamin A deficiency complications 6971 5

Blindness due to vitamin A deficiency 205 6

Moderate vision impairment loss due to vitamin A deficiency 203 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe vision impairment loss due to vitamin A deficiency 204 6

Vitamin A deficiency with anemia 6974 5

Vitamin A deficiency with mild anemia 5393 6

Vitamin A deficiency with moderate anemia 5396 6

Vitamin A deficiency with severe anemia 5399 6

Dietary iron deficiency 390 3

Iron-deficiency anemia 6530 5

Mild iron-deficiency anemia 206 6

Moderate iron-deficiency anemia 207 6

Severe iron-deficiency anemia 208 6

Other nutritional deficiencies 391 3

Other nutritional deficiencies 212 5

Non-communicable diseases 409 1

Neoplasms 410 2
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Lip and oral cavity cancer 444 3

Diagnosis and primary therapy phase of mouth cancer 301 5

Controlled phase of mouth cancer 302 5

Metastatic phase of mouth cancer 303 5

Terminal phase of mouth cancer 304 5

Nasopharynx cancer 447 3

Diagnosis and primary therapy phase of nasopharynx cancer 305 5

Controlled phase of nasopharynx cancer 306 5

Metastatic phase of nasopharynx cancer 307 5

Terminal phase of nasopharynx cancer 308 5

Other pharynx cancer 450 3

Diagnosis and primary therapy phase of other pharynx cancer 309 5

Controlled phase of other pharynx cancer 310 5

Metastatic phase of other pharynx cancer 311 5
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Terminal phase of other pharynx cancer 312 5

Esophageal cancer 411 3

Diagnosis and primary therapy phase of esophageal cancer 244 5

Controlled phase of esophageal cancer 245 5

Metastatic phase of esophageal cancer 246 5

Terminal phase of esophageal cancer 247 5

Stomach cancer 414 3

Diagnosis and primary therapy phase of stomach cancer 248 5

Controlled phase of stomach cancer 249 5

Metastatic phase of stomach cancer 250 5

Terminal phase of stomach cancer 251 5

Colon and rectum cancer 441 3

Diagnosis and primary therapy phase of colon and rectum cancers 296 5

Controlled phase of colon and rectum cancers 297 5
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Controlled phase of colon and rectum cancers, with stoma 5519 6

Controlled phase of colon and rectum cancers, without stoma 5522 6

Metastatic phase of colon and rectum cancers 298 5

Terminal phase of colon and rectum cancers 299 5

Stoma from colon and rectum cancers, beyond 10 years 5525 5

Liver cancer 417 3

Liver cancer due to hepatitis B 418 4

Diagnosis and primary therapy phase of liver cancer due to hepatitis B 252 5

Controlled phase of liver cancer due to hepatitis B 253 5

Metastatic phase of liver cancer due to hepatitis B 254 5

Terminal phase of liver cancer due to hepatitis B 255 5

Liver cancer due to hepatitis C 419 4

Diagnosis and primary therapy phase of liver cancer due to hepatitis C 256 5

Controlled phase of liver cancer due to hepatitis C 257 5
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Metastatic phase of liver cancer due to hepatitis C 258 5

Terminal phase of liver cancer due to hepatitis C 259 5

Liver cancer due to alcohol use 420 4

Diagnosis and primary therapy phase of liver cancer due to alcohol use 260 5

Controlled phase of liver cancer due to alcohol use 261 5

Metastatic phase of liver cancer due to alcohol use 262 5

Terminal phase of liver cancer due to alcohol use 263 5

Liver cancer due to NASH 996 4

Diagnosis and primary therapy phase of liver cancer due to NASH 5417 5

Controlled phase of liver cancer due to NASH 5420 5

Metastatic phase of liver cancer due to NASH 5423 5

Terminal phase of liver cancer due to NASH 5426 5

Liver cancer due to other causes 421 4

Diagnosis and primary therapy phase of liver cancer due to other causes 264 5
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Controlled phase of liver cancer due to other causes 265 5

Metastatic phase of liver cancer due to other causes 266 5

Terminal phase of liver cancer due to other causes 267 5

Gallbladder and biliary tract cancer 453 3

Diagnosis and primary therapy phase of gallbladder and biliary tract cancer 313 5

Controlled phase of gallbladder and biliary tract cancer 314 5

Metastatic phase of gallbladder and biliary tract cancer 315 5

Terminal phase of gallbladder and biliary tract cancer 316 5

Pancreatic cancer 456 3

Diagnosis and primary therapy phase of pancreatic cancer 317 5

Controlled phase of pancreatic cancer 318 5

Metastatic phase of pancreatic cancer 319 5

Terminal phase of pancreatic cancer 320 5

Larynx cancer 423 3
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Diagnosis and primary therapy phase of larynx cancer 268 5

Controlled phase of larynx cancer 269 5

Controlled phase of larynx cancer, with laryngectomy 5510 6

Controlled phase of larynx cancer, without laryngectomy 5513 6

Metastatic phase of larynx cancer 270 5

Terminal phase of larynx cancer 271 5

Laryngectomy from larynx cancer, beyond 10 years 5516 5

Tracheal, bronchus, and lung cancer 426 3

Diagnosis and primary therapy phase of lung, bronchus, and trachea cancer 273 5

Controlled phase of lung, bronchus, and trachea cancer 274 5

Metastatic phase of lung, bronchus, and trachea cancer 275 5

Terminal phase of lung, bronchus, and trachea cancer 276 5

Malignant skin melanoma 459 3

Diagnosis and primary therapy phase of malignant skin melanoma 321 5
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Controlled phase of malignant skin melanoma 322 5

Metastatic phase of malignant skin melanoma 323 5

Terminal phase of malignant skin melanoma 324 5

Non-melanoma skin cancer 462 3

Non-melanoma skin cancer (squamous-cell carcinoma) 849 4

Squamous cell carcinoma 6809 5

Mild disfigurement due to squamous cell carcinoma 2039 6

Moderate disfigurement due to squamous cell carcinoma 2042 6

Severe disfigurement due to squamous cell carcinoma 2045 6

Non-melanoma skin cancer (basal-cell carcinoma) 850 4

Basal cell carcinoma 6209 5

Disfigurement due to basal cell carcinoma 657 6

Basal cell carcinoma without disfigurement 7226 6

Breast cancer 429 3
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Diagnosis and primary therapy phase of breast cancer 277 5

Controlled phase of breast cancer 278 5

Controlled phase of breast cancer, with mastectomy 5486 6

Controlled phase of breast cancer, without mastectomy 5489 6

Metastatic phase of breast cancer 279 5

Terminal phase of breast cancer 280 5

Mastectomy from breast cancer, beyond 10 years 5492 5

Cervical cancer 432 3

Diagnosis and primary therapy phase of cervical cancer 282 5

Controlled phase of cervical cancer 283 5

Metastatic phase of cervical cancer 284 5

Terminal phase of cervical cancer 285 5

Uterine cancer 435 3

Diagnosis and primary therapy phase of uterine cancer 286 5
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Controlled phase of uterine cancer 287 5

Metastatic phase of uterine cancer 288 5

Terminal phase of uterine cancer 289 5

Ovarian cancer 465 3

Diagnosis and primary therapy phase of ovarian cancer 329 5

Controlled phase of ovarian cancer 330 5

Metastatic phase of ovarian cancer 331 5

Terminal phase of ovarian cancer 332 5

Prostate cancer 438 3

Diagnosis and primary therapy phase of prostate cancer 290 5

Controlled phase of prostate cancer 291 5

Controlled phase of prostate cancer, with impotence 5495 6

Controlled phase of prostate cancer, with incontinence 5498 6

Controlled phase of prostate cancer, without impotence or incontinence 5501 6
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Metastatic phase of prostate cancer 292 5

Terminal phase of prostate cancer 293 5

Impotence and Incontinence after 10-year survival from prostate cancer 6503 5

Impotence from prostate cancer, beyond 10 years 5504 6

Incontinence from prostate cancer, beyond 10 years 5507 6

Testicular cancer 468 3

Diagnosis and primary therapy phase of testicular cancer 333 5

Controlled phase of testicular cancer 334 5

Metastatic phase of testicular cancer 335 5

Terminal phase of testicular cancer 336 5

Kidney cancer 471 3

Diagnosis and primary therapy phase of kidney cancer 337 5

Controlled phase of kidney cancer 338 5

Metastatic phase of kidney cancer 339 5
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Terminal phase of kidney cancer 340 5

Bladder cancer 474 3

Diagnosis and primary therapy phase of bladder cancer 341 5

Controlled phase of bladder cancer 342 5

Controlled phase of bladder cancer, with incontinence 5528 6

Controlled phase of bladder cancer, without incontinence 5531 6

Metastatic phase of bladder cancer 343 5

Terminal phase of bladder cancer 344 5

Incontinence from bladder cancer, beyond 10 years 5534 5

Brain and nervous system cancer 477 3

Diagnosis and primary therapy phase of brain and nervous system cancers 346 5

Controlled phase of brain and nervous system cancers 347 5

Metastatic phase of brain and nervous system cancers 348 5

Terminal phase of brain and nervous system cancers 349 5
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Thyroid cancer 480 3

Diagnosis and primary therapy phase of thyroid cancer 350 5

Controlled phase of thyroid cancer 351 5

Metastatic phase of thyroid cancer 352 5

Terminal phase of thyroid cancer 353 5

Mesothelioma 483 3

Diagnosis and primary therapy phase of mesothelioma 354 5

Controlled phase of mesothelioma 355 5

Metastatic phase of mesothelioma 356 5

Terminal phase of mesothelioma 357 5

Hodgkin lymphoma 484 3

Diagnosis and primary therapy phase of Hodgkin disease 358 5

Controlled phase of Hodgkin disease 359 5

Metastatic phase of Hodgkin disease 360 5
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Terminal phase of Hodgkin disease 361 5

Non-Hodgkin lymphoma 485 3

Diagnosis and primary therapy phase of non-Hodgkin lymphoma 362 5

Controlled phase of non-Hodgkin lymphoma 363 5

Metastatic phase of non-Hodgkin lymphoma 364 5

Terminal phase of non-Hodgkin lymphoma 365 5

Multiple myeloma 486 3

Diagnosis and primary therapy phase of multiple myeloma 366 5

Controlled phase of multiple myeloma 367 5

Metastatic phase of multiple myeloma 368 5

Terminal phase of multiple myeloma 369 5

Leukemia 487 3

Acute lymphoid leukemia 845 4

Diagnosis and primary therapy phase of acute lymphoid leukemia 1186 5

903



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy
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Controlled phase of acute lymphoid leukemia 1190 5

Metastatic phase of acute lymphoid leukemia 1194 5

Terminal phase of acute lymphoid leukemia 1198 5

Chronic lymphoid leukemia 846 4

Diagnosis and primary therapy phase of chronic lymphoid leukemia 1188 5

Controlled phase of chronic lymphoid leukemia 1192 5

Metastatic phase of chronic lymphoid leukemia 1196 5

Terminal phase of chronic lymphoid leukemia 1200 5

Acute myeloid leukemia 847 4

Diagnosis and primary therapy phase of acute myeloid leukemia 1187 5

Controlled phase of acute myeloid leukemia 1191 5

Metastatic phase of acute myeloid leukemia 1195 5

Terminal phase of acute myeloid leukemia 1199 5

Chronic myeloid leukemia 848 4
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Diagnosis and primary therapy phase of chronic myeloid leukemia 1189 5

Controlled phase of chronic myeloid leukemia 1193 5

Metastatic phase of chronic myeloid leukemia 1197 5

Terminal phase of chronic myeloid leukemia 1201 5

Other leukemia 943 4

Metastatic phase of other leukemia 1481 5

Diagnosis and primary therapy phase of other leukemia 1484 5

Terminal phase of other leukemia 1487 5

Controlled phase of other leukemia 1490 5

Other malignant neoplasms 489 3

Diagnosis and primary therapy phase of other malignant neoplasms 5864 5

Controlled phase of other malignant neoplasms 5867 5

Metastatic phase of other malignant neoplasms 5870 5

Terminal phase of other malignant neoplasms 5873 5
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Other neoplasms 490 3

Myelodysplastic, myeloproliferative, and other hematopoietic neoplasms 964 4

Myelodysplastic, myeloproliferative, and other hematopoietic neoplasms 5405 5

Benign and in situ intestinal neoplasms 965 4

Benign and in situ intestinal neoplasms 5408 5

Benign and in situ cervical and uterine neoplasms 966 4

Benign and in situ cervical and uterine neoplasms 5411 5

Other benign and in situ neoplasms 967 4

Other benign and in situ neoplasms 5414 5

Cardiovascular diseases 491 2

Rheumatic heart disease 492 3

Rheumatic heart disease, without heart failure 1116 5

Heart failure due to rheumatic heart disease 6461 5

Controlled, medically managed heart failure due to rheumatic heart disease 5768 6
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Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild heart failure due to rheumatic heart disease 1117 6

Moderate heart failure due to rheumatic heart disease 1118 6

Severe heart failure due to rheumatic heart disease 1119 6

Ischemic heart disease 493 3

Myocardial infarction due to ischemic heart disease 6635 5

Acute myocardial infarction 3 to 28 days 379 6

Acute myocardial infarction first 2 days 378 6

Angina due to ischemic heart disease 6167 5

Asymptomatic angina due to ischemic heart disease 953 6

Mild angina due to ischemic heart disease 380 6

Moderate angina due to ischemic heart disease 381 6

Severe angina due to ischemic heart disease 382 6

Heart failure due to ischemic heart disease 6443 5

Controlled, medically managed heart failure due ischemic heart disease 5726 6
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Mild heart failure due to ischemic heart disease 383 6

Moderate heart failure due to ischemic heart disease 384 6

Severe heart failure due to ischemic heart disease 385 6

Asymptomatic ischemic heart disease following myocardial infarction 1040 5

Stroke 494 3

Ischemic stroke 495 4

Acute ischemic stroke 6116 5

Acute ischemic stroke severity level 1 386 6

Acute ischemic stroke severity level 2 387 6

Acute ischemic stroke severity level 3 389 6

Acute ischemic stroke severity level 4 388 6

Acute ischemic stroke severity level 5 390 6

Chronic ischemic stroke 6248 5

Asymptomatic chronic ischemic stroke 946 6
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Chronic ischemic stroke severity level 1 391 6

Chronic ischemic stroke severity level 2 392 6

Chronic ischemic stroke severity level 3 394 6

Chronic ischemic stroke severity level 4 393 6

Chronic ischemic stroke severity level 5 395 6

Intracerebral hemorrhage 496 4

Acute intracerebral hemorrhage 6113 5

Acute intracerebral hemorrhage severity level 1 396 6

Acute intracerebral hemorrhage severity level 2 397 6

Acute intracerebral hemorrhage severity level 3 399 6

Acute intracerebral hemorrhage severity level 4 398 6

Acute intracerebral hemorrhage severity level 5 400 6

Chronic intracerebral hemorrhage 6245 5

Asymptomatic chronic intracerebral hemorrhage 947 6

909



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Chronic intracerebral hemorrhage severity level 1 401 6

Chronic intracerebral hemorrhage severity level 2 402 6

Chronic intracerebral hemorrhage severity level 3 404 6

Chronic intracerebral hemorrhage severity level 4 403 6

Chronic intracerebral hemorrhage severity level 5 405 6

Subarachnoid hemorrhage 497 4

Acute subarachnoid hemorrhage 6131 5

Acute subarachnoid hemorrhage severity level 1 5168 6

Acute subarachnoid hemorrhage severity level 2 5171 6

Acute subarachnoid hemorrhage severity level 3 5174 6

Acute subarachnoid hemorrhage severity level 4 5177 6

Acute subarachnoid hemorrhage severity level 5 5180 6

Chronic subarachnoid hemorrhage 6266 5

Asymptomatic chronic subarachnoid hemorrhage 5183 6
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Chronic subarachnoid hemorrhage severity level 1 5186 6

Chronic subarachnoid hemorrhage severity level 2 5189 6

Chronic subarachnoid hemorrhage severity level 3 5192 6

Chronic subarachnoid hemorrhage severity level 4 5195 6

Chronic subarachnoid hemorrhage severity level 5 5198 6

Hypertensive heart disease 498 3

Heart failure due to hypertensive heart disease 6434 5

Controlled, medically managed heart failure due to hypertensive heart disease 5750 6

Mild heart failure due to hypertensive heart disease 406 6

Moderate heart failure due to hypertensive heart disease 407 6

Severe heart failure due to hypertensive heart disease 408 6

Non-rheumatic valvular heart disease 504 3

Non-rheumatic calcific aortic valve disease 968 4

Heart failure due to calcific aortic valve disease 6419 5
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Controlled, medically managed heart failure due to calcific aortic valve disease 5732 6

Mild heart failure due to calcific aortic valve disease 5291 6

Moderate heart failure due to calcific aortic valve disease 5294 6

Severe heart failure due to calcific aortic valve disease 5297 6

Non-rheumatic calcific aortic valve disease 6662 5

Asymptomatic calcific aortic valve disease 5288 6

Calcific aortic valve disease after valve intervention 5285 6

Non-rheumatic degenerative mitral valve disease 969 4

Heart failure due to degenerative mitral valve disease 6425 5

Controlled, medically managed heart failure due to degenerative mitral valve disease 5738 6

Mild heart failure due to degenerative mitral valve disease 5306 6

Moderate heart failure due to degenerative mitral valve disease 5309 6

Severe heart failure due to degenerative mitral valve disease 5312 6

Non-rheumatic degenerative mitral valve disease 6665 5
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Asymptomatic degenerative mitral valve disease 5303 6

Degenerative mitral valve disease after valve intervention 5300 6

Other non-rheumatic valve diseases 970 4

Controlled, medically managed heart failure due to other non-rheumatic valve disease 5765 5

Mild heart failure due to other non-rheumatic valve disease 5321 5

Moderate heart failure due to other non-rheumatic valve disease 5324 5

Severe heart failure due to other non-rheumatic valve disease 5327 5

Cardiomyopathy and myocarditis 499 3

Myocarditis 942 4

Acute myocarditis 409 5

Heart failure due to myocarditis 6446 5

Controlled, medically managed heart failure due to myocarditis 5753 6

Mild heart failure due to myocarditis 1523 6

Moderate heart failure due to myocarditis 1526 6
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Severe heart failure due to myocarditis 1529 6

Alcoholic cardiomyopathy 938 4

Heart failure due to alcoholic cardiomyopathy 6413 5

Controlled, medically managed heart failure due to alcoholic cardiomyopathy 5729 6

Mild heart failure due to alcoholic cardiomyopathy 1532 6

Moderate heart failure due to alcoholic cardiomyopathy 1535 6

Severe heart failure due to alcoholic cardiomyopathy 1538 6

Other cardiomyopathy 944 4

Heart failure due to other cardiomyopathy 6449 5

Controlled, medically managed heart failure due to other cardiomyopathy 5756 6

Mild heart failure due to other cardiomyopathy 1541 6

Moderate heart failure due to other cardiomyopathy 1544 6

Severe heart failure due to other cardiomyopathy 1547 6

Atrial fibrillation and flutter 500 3
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Asymptomatic atrial fibrillation and flutter 809 5

Symptomatic atrial fibrillation and flutter 913 5

Aortic aneurysm 501 3

Peripheral artery disease 502 3

Asymptomatic peripheral arterial disease 964 5

Symptomatic claudication due to peripheral arterial disease 1041 5

Endocarditis 503 3

Acute endocarditis 6098 5

Moderate endocarditis 413 6

Severe endocarditis 414 6

Heart failure due to endocarditis 6428 5

Controlled, medically managed heart failure due to endocarditis 5741 6

Mild heart failure due to endocarditis 415 6

Moderate heart failure due to endocarditis 416 6
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Severe heart failure due to endocarditis 417 6

Other cardiovascular and circulatory diseases 507 3

Other cardiovascular and circulatory disease episodes 6677 5

Asymptomatic other cardiovascular diseases 839 6

Mild other cardiovascular diseases 840 6

Moderate other cardiovascular diseases 841 6

Severe other cardiovascular diseases 842 6

Heart failure due to other cardiovascular diseases 6452 5

Controlled, medically managed heart failure due to other cardiovascular disease 5759 6

Mild heart failure due to other cardiovascular diseases 418 6

Moderate heart failure due to other cardiovascular diseases 419 6

Severe heart failure due to other cardiovascular diseases 420 6

Chronic respiratory diseases 508 2

Chronic obstructive pulmonary disease 509 3
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Chronic obstructive pulmonary disease without heart failure 6260 5

Asymptomatic chronic obstructive pulmonary disease 929 6

Mild chronic obstructive pulmonary disease 421 6

Moderate chronic obstructive pulmonary disease 422 6

Severe chronic obstructive pulmonary disease without heart failure 983 6

Chronic obstructive pulmonary disease with heart failure 6257 5

Controlled, medically managed heart failure due to severe chronic obstructive pulmonary disease 5774 6

Mild heart failure due to severe chronic obstructive pulmonary disease 980 6

Moderate heart failure due to severe chronic obstructive pulmonary disease 981 6

Severe heart failure due to severe chronic obstructive pulmonary disease 982 6

Pneumoconiosis 510 3

Silicosis 511 4

Silicosis without heart failure 6797 5

Asymptomatic silicosis 948 6
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Mild silicosis 423 6

Moderate silicosis 424 6

Severe silicosis without heart failure 987 6

Heart failure due to silicosis 6464 5

Controlled, medically managed heart failure due to severe silicosis 5786 6

Mild heart failure due to severe silicosis 984 6

Moderate heart failure due to severe silicosis 985 6

Severe heart failure due to severe silicosis 986 6

Asbestosis 512 4

Asbestosis without heart failure 6173 5

Asymptomatic asbestosis 949 6

Mild asbestosis 425 6

Moderate asbestosis 426 6

Severe asbestosis without heart failure 991 6
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Heart failure due to asbestosis 6416 5

Controlled, medically managed heart failure due to severe asbestosis 5771 6

Mild heart failure due to severe asbestosis 988 6

Moderate heart failure due to severe asbestosis 989 6

Severe heart failure due to severe asbestosis 990 6

Coal workers pneumoconiosis 513 4

Coal workers pneumoconiosis without heart failure 6275 5

Asymptomatic coal workers pneumoconiosis 950 6

Mild coal workers pneumoconiosis 427 6

Moderate coal workers pneumoconiosis 428 6

Severe coal workers pneumoconiosis without heart failure 995 6

Heart failure due to Coal workers pneumoconiosis 6422 5

Controlled, medically managed heart failure due to severe coal workers pneumoconiosis 5777 6

Mild heart failure due to severe coal workers pneumoconiosis 992 6
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Moderate heart failure due to severe coal workers pneumoconiosis 993 6

Severe heart failure due to severe coal workers pneumoconiosis 994 6

Other pneumoconiosis 514 4

Other pneumoconiosis without heart failure 6716 5

Asymptomatic other pneumoconiosis 951 6

Mild other pneumoconiosis 429 6

Moderate other pneumoconiosis 430 6

Severe other pneumoconiosis without heart failure 999 6

Heart failure due to other pneumoconiosis 6458 5

Controlled, medically managed heart failure due to severe other pneumoconiosis 5783 6

Mild heart failure due to severe other pneumoconiosis 996 6

Moderate heart failure due to severe other pneumoconiosis 997 6

Severe heart failure due to severe other pneumoconiosis 998 6

Asthma 515 3
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Asymptomatic asthma 830 5

Symptomatic asthma 6863 5

Controlled asthma 431 6

Partially controlled asthma 432 6

Uncontrolled asthma 433 6

Interstitial lung disease and pulmonary sarcoidosis 516 3

Interstitial lung disease and pulmonary sarcoidosis without heart failure 6521 5

Asymptomatic interstitial lung disease and pulmonary sarcoidosis 952 6

Mild interstitial lung disease and pulmonary sarcoidosis 434 6

Moderate interstitial lung disease and pulmonary sarcoidosis 435 6

Severe interstitial lung disease and pulmonary sarcoidosis without heart failure 1003 6

Heart failure due to interstitial lung disease and pulmonary sarcoidosis 6437 5

Controlled, medically managed heart failure due to severe interstitial lung disease and pulmonary sarcoidosis 5780 6

Mild heart failure due to severe interstitial lung disease and pulmonary sarcoidosis 1000 6
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Moderate heart failure due to severe interstitial lung disease and pulmonary sarcoidosis 1001 6

Severe heart failure due to severe interstitial lung disease and pulmonary sarcoidosis 1002 6

Other chronic respiratory diseases 520 3

Other chronic respiratory diseases 436 5

Digestive diseases 526 2

Cirrhosis and other chronic liver diseases 521 3

Cirrhosis and other chronic liver diseases due to hepatitis B 522 4

Chronic hepatitis B without cirrhosis 902 5

Cirrhosis and other chronic liver diseases due to hepatitis B, compensated 5135 5

Cirrhosis and other chronic liver diseases due to hepatitis B, decompensated 835 5

Cirrhosis and other chronic liver diseases due to hepatitis C 523 4

Chronic hepatitis C without cirrhosis 903 5

Cirrhosis and other chronic liver diseases due to hepatitis C, compensated 5138 5

Cirrhosis and other chronic liver diseases due to hepatitis C, decompensated 836 5
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Cirrhosis and other chronic liver diseases due to alcohol use 524 4

Cirrhosis and other chronic liver diseases due to alcohol, compensated 5141 5

Cirrhosis and other chronic liver diseases due to alcohol, decompensated 834 5

Cirrhosis due to NASH 971 4

Non-alcoholic fatty liver disease (NAFLD) / Non-alcoholic steatohepatitis (NASH) 5477 5

Cirrhosis and other chronic liver diseases due to NASH 6269 5

Cirrhosis and other chronic liver diseases due to NASH, compensated 5387 6

Cirrhosis and other chronic liver diseases due to NASH, decompensated 5390 6

Cirrhosis and other chronic liver diseases due to other causes 525 4

Cirrhosis and other chronic liver diseases due to other cause, compensated 5144 5

Cirrhosis and other chronic liver diseases due to other cause, decompensated 837 5

Upper digestive system diseases 992 3

Peptic ulcer disease 527 4

Acute peptic ulcer disease 22706 5
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Acute peptic ulcer disease, with no anemia 7199 6

Acute peptic ulcer disease, with mild anemia 7202 6

Acute peptic ulcer disease, with moderate anemia 7205 6

Acute peptic ulcer disease, with severe anemia 7208 6

Chronic peptic ulcer disease 22709 5

Asymptomatic peptic ulcer disease without anemia 5045 6

Asymptomatic peptic ulcer disease with mild anemia 4976 6

Asymptomatic peptic ulcer disease with moderate anemia 4979 6

Asymptomatic peptic ulcer disease with severe anemia 4982 6

Mild symptomatic peptic ulcer disease without anemia 4970 6

Mild symptomatic peptic ulcer disease with mild anemia 4952 6

Mild symptomatic peptic ulcer disease with moderate anemia 4958 6

Mild symptomatic peptic ulcer disease with severe anemia 4964 6

Moderate symptomatic peptic ulcer disease without anemia 4973 6
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Moderate symptomatic peptic ulcer disease with mild anemia 4955 6

Moderate symptomatic peptic ulcer disease with moderate anemia 4961 6

Moderate symptomatic peptic ulcer disease with severe anemia 4967 6

Complicated peptic ulcer disease with no anemia 5624 6

Complicated peptic ulcer disease with mild anemia 5627 6

Complicated peptic ulcer disease with moderate anemia 5630 6

Complicated peptic ulcer disease with severe anemia 5633 6

Gastritis and duodenitis 528 4

Acute gastritis and duodenitis 22712 5

Acute gastritis and duodenitis, with no anemia 7211 6

Acute gastritis and duodenitis, with mild anemia 7214 6

Acute gastritis and duodenitis, with moderate anemia 7217 6

Acute gastritis and duodenitis, with severe anemia 7220 6

Chronic gastritis and duodenitis 22715 5
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Asymptomatic gastritis and duodenitis without anemia 5048 6

Asymptomatic gastritis and duodenitis with mild anemia 5009 6

Asymptomatic gastritis and duodenitis with moderate anemia 5012 6

Asymptomatic gastritis and duodenitis with severe anemia 5015 6

Mild symptomatic gastritis and duodenitis without anemia 5003 6

Mild symptomatic gastritis and duodenitis with mild anemia 4985 6

Mild symptomatic gastritis and duodenitis with moderate anemia 4991 6

Mild symptomatic gastritis and duodenitis with severe anemia 4997 6

Moderate symptomatic gastritis and duodenitis without anemia 5006 6

Moderate symptomatic gastritis and duodenitis with mild anemia 4988 6

Moderate symptomatic gastritis and duodenitis with moderate anemia 4994 6

Moderate symptomatic gastritis and duodenitis with severe anemia 5000 6

Complicated gastritis and duodenitis with no anemia 5675 6

Complicated gastritis and duodenitis with mild anemia 5678 6
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Complicated gastritis and duodenitis with moderate anemia 5681 6

Complicated gastritis and duodenitis with severe anemia 5684 6

Gastroesophageal reflux disease 536 4

Gastroesophageal reflux disease 22718 5

Mild to moderate GERD, asymptomatic days 7187 6

Mild to moderate GERD, symptomatic days 7184 6

Severe GERD, asymptomatic days 7193 6

Severe GERD, symptomatic days 7190 6

Appendicitis 529 3

Appendicitis 445 5

Paralytic ileus and intestinal obstruction 530 3

Paralytic ileus and intestinal obstruction 446 5

Inguinal, femoral, and abdominal hernia 531 3

Inguinal, femoral and abdominal hernia 22721 5
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Mild symptomatic inguinal, femoral and abdominal hernia 4595 6

Moderate symptomatic inguinal, femoral and abdominal hernia 4598 6

Severe symptomatic inguinal, femoral and abdominal hernia 4601 6

Inflammatory bowel disease 532 3

Ulcerative colitis 954 5

Asymptomatic ulcerative colitis 4604 6

Ulcerative colitis without anemia 5576 6

Ulcerative colitis with mild anemia 5567 6

Ulcerative colitis with moderate anemia 5570 6

Ulcerative colitis with severe anemia 5573 6

Crohn's disease 955 5

Asymptomatic Crohn's disease 4607 6

Crohn's disease without anemia 5588 6

Crohn's disease with mild anemia 5579 6

928



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Crohn's disease with moderate anemia 5582 6

Crohn's disease with severe anemia 5585 6

Vascular intestinal disorders 533 3

Vascular intestinal disorders 448 5

Gallbladder and biliary diseases 534 3

Gallbladder and biliary diseases 449 5

Asymptomatic gallbladder and biliary diseases 1135 6

Mild symptomatic episodes gallbladder and biliary diseases 4586 6

Moderate symptomatic episodes gallbladder and biliary diseases 4589 6

Severe symptomatic episodes gallbladder and biliary diseases 4592 6

Pancreatitis 535 3

Acute pancreatitis 5621 5

Chronic pancreatitis 22724 5

Asymptomatic chronic pancreatitis 7196 6
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Mild chronic pancreatitis 4610 6

Moderate chronic pancreatitis 4613 6

Severe chronic pancreatitis 4616 6

Other digestive diseases 541 3

Other digestive diseases 451 5

Neurological disorders 542 2

Alzheimer's disease and other dementias 543 3

Alzheimer's disease and other dementias 22727 5

Mild Alzheimer's disease and other dementias 452 6

Moderate Alzheimer's disease and other dementias 453 6

Severe Alzheimer's disease and other dementias 454 6

Parkinson's disease 544 3

Parkinson's disease 22730 5

Mild Parkinson's disease 455 6
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Moderate Parkinson's disease 456 6

Severe Parkinson's disease 457 6

Epilepsy 545 3

Idiopathic epilepsy 6500 5

Idiopathic, seizure-free, treated epilepsy 458 6

Idiopathic, less severe epilepsy 459 6

Idiopathic, severe epilepsy 460 6

Multiple sclerosis 546 3

Multiple sclerosis 6632 5

Asymptomatic multiple sclerosis 4949 6

Mild multiple sclerosis 461 6

Moderate multiple sclerosis 462 6

Severe multiple sclerosis 463 6

Motor neuron disease 554 3
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Motor neuron disease 6626 5

Diagnosis of motor neuron disease 1183 6

Mild motor impairment due to motor neuron disease 1173 6

Mild motor impairment and speech problems due to motor neuron disease 1156 6

Mild motor impairment and mild respiratory problems due to motor neuron disease 1163 6

Mild motor impairment and moderate respiratory problems due to motor neuron disease 22733 6

Mild motor impairment and severe respiratory problems due to motor neuron disease 1164 6

Mild motor impairment, mild respiratory problems, and speech problems due to motor neuron disease 1153 6

Mild motor impairment, moderate respiratory problems, and speech problems due to motor neuron disease 1154 6

Mild motor impairment, severe respiratory problems and speech problems due to motor neuron disease 1155 6

Moderate motor impairment due to motor neuron disease 1174 6

Moderate motor impairment and speech problems due to motor neuron disease 1171 6

Moderate motor impairment and mild respiratory problems due to motor neuron disease 1165 6

Moderate motor impairment and moderate respiratory problems due to motor neuron disease 1166 6
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Moderate motor impairment and severe respiratory problems due to motor neuron disease 1167 6

Moderate motor impairment, mild respiratory problems, and speech problems due to motor neuron disease 1157 6

Moderate motor impairment, moderate respiratory problems, and speech problems due to motor neuron disease 1158 6

Moderate motor impairment, severe respiratory problems, and speech problems due to motor neuron disease 1159 6

Severe motor impairment due to motor neuron disease 1175 6

Severe motor impairment and speech problems due to motor neuron disease 1172 6

Severe motor impairment and mild respiratory problems due to motor neuron disease 1168 6

Severe motor impairment and moderate respiratory problems due to motor neuron disease 1169 6

Severe motor impairment and severe respiratory problems due to motor neuron disease 1170 6

Severe motor impairment, mild respiratory problems, and speech problems due to motor neuron disease 1160 6

Severe motor impairment, moderate respiratory problems, and speech problems due to motor neuron disease 1161 6

Severe motor impairment, severe respiratory problems, and speech problems due to motor neuron disease 1162 6

Mild respiratory problems due to motor neuron disease 1179 6

Moderate respiratory problems due to motor neuron disease 1180 6
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Severe respiratory problems due to motor neuron disease 1181 6

Mild respiratory problems and speech problems due to motor neuron disease 1176 6

Moderate respiratory problems and speech problems due to motor neuron disease 1177 6

Severe respiratory problems and speech problems due to motor neuron disease 1178 6

Speech problems due to motor neuron disease 1182 6

Headache disorders 972 3

Migraine 547 4

Migraine 6623 5

Symptomatic probable migraine 7166 6

Asymptomatic probable migraine 7169 6

Symptomatic definite migraine 7172 6

Asymptomatic definite migraine 7175 6

Medication overuse headache due to migraine 6614 5

Asymptomatic medication overuse headache due to migraine 1346 6
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Symptomatic medication overuse headache due to migraine 1349 6

Tension-type headache 548 4

Tension-type headache 6869 5

Asymptomatic tension-type headache 828 6

Symptomatic tension-type headache 827 6

Medication overuse headache due to tension-type headache 6617 5

Asymptomatic medication overuse headache due to tension-type headache 1352 6

Symptomatic medication overuse headache due to tension-type headache 1355 6

Other neurological disorders 557 3

Other neurological disorders 464 5

Guillain-Barré syndrome due to other neurological disorders 465 5

Mental disorders 558 2

Schizophrenia 559 3

Schizophrenia 6785 5
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Schizophrenia acute state 466 6

Schizophrenia residual state 467 6

Depressive disorders 567 3

Major depressive disorder 568 4

Major depressive disorder 6575 5

Major depressive disorder, currently without symptoms 822 6

Mild major depressive disorder 475 6

Moderate major depressive disorder 476 6

Severe major depressive disorder 477 6

Dysthymia 569 4

Dysthymia 6323 5

Dysthymia, currently without symptoms 821 6

Symptomatic dysthymia 820 6

Bipolar disorder 570 3
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Bipolar disorder 6215 5

Bipolar disorder manic state 478 6

Bipolar disorder residual state 479 6

Bipolar disorder depressive state 644 6

Anxiety disorders 571 3

Anxiety disorders 6170 5

Anxiety disorders, currently without symptoms 814 6

Mild anxiety disorders 480 6

Moderate anxiety disorders 481 6

Severe anxiety disorders 482 6

Eating disorders 572 3

Anorexia nervosa 573 4

Anorexia nervosa 483 5

Bulimia nervosa 574 4
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Bulimia nervosa 484 5

Autism spectrum disorders 575 3

Autism spectrum disorders 6206 5

Autism spectrum disorders without intellectual disability 1327 6

Autism spectrum disorders with borderline intellectual disability 1328 6

Autism spectrum disorders with mild intellectual disability 1329 6

Autism spectrum disorders with moderate intellectual disability 1330 6

Autism spectrum disorders with severe intellectual disability 1331 6

Autism spectrum disorders with profound intellectual disability 1332 6

Attention-deficit/hyperactivity disorder 578 3

Attention-deficit/hyperactivity disorder 6203 5

Attention-deficit/hyperactivity disorder, currently without symptoms 811 6

Symptomatic attention-deficit/hyperactivity disorder 810 6

Conduct disorder 579 3
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Conduct disorder 6284 5

Conduct disorder, currently without symptoms 816 6

Symptomatic conduct disorder 815 6

Idiopathic developmental intellectual disability 582 3

Idiopathic developmental intellectual disability 6497 5

Borderline idiopathic developmental intellectual disability 487 6

Mild idiopathic developmental intellectual disability 488 6

Moderate idiopathic developmental intellectual disability 489 6

Severe idiopathic developmental intellectual disability 490 6

Profound idiopathic developmental intellectual disability 491 6

Other mental disorders 585 3

Other mental disorders 6701 5

Other mental disorders, currently without symptoms 851 6

Mild other mental disorders 492 6
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Moderate other mental disorders 680 6

Severe other mental disorders 681 6

Substance use disorders 973 2

Alcohol use disorders 560 3

Alcohol dependence 6137 5

Asymptomatic alcohol dependence 812 6

Very mild alcohol dependence 678 6

Mild alcohol dependence 468 6

Moderate alcohol dependence 469 6

Severe alcohol dependence 470 6

Fetal alcohol syndrome 6368 5

Asymptomatic fetal alcohol syndrome 813 6

Mild fetal alcohol syndrome 471 6

Moderate fetal alcohol syndrome 472 6
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Severe fetal alcohol syndrome 473 6

Drug use disorders 561 3

Opioid use disorders 562 4

Opioid dependence 22736 5

Asymptomatic opioid dependence 818 6

Mild opioid dependence 690 6

Severe opioid dependence 804 6

Cocaine use disorders 563 4

Cocaine dependence 22739 5

Asymptomatic cocaine dependence 819 6

Mild cocaine dependence 687 6

Severe cocaine dependence 805 6

Amphetamine use disorders 564 4

Amphetamine dependence 22742 5
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Asymptomatic amphetamine dependence 833 6

Mild amphetamine dependence 679 6

Severe amphetamine dependence 806 6

Cannabis use disorders 565 4

Cannabis dependence 22745 5

Asymptomatic cannabis dependence 817 6

Mild cannabis dependence 686 6

Severe cannabis dependence 807 6

Other drug use disorders 566 4

Other drug use disorders 474 5

Diabetes and kidney diseases 974 2

Diabetes mellitus 587 3

Diabetes mellitus type 1 975 4

Uncomplicated diabetes mellitus type 1 5441 5
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Vision loss due to diabetes mellitus type 1 retinopathy 22748 5

Moderate vision impairment due to diabetes mellitus type 1 retinopathy 5444 6

Severe vision impairment due to diabetes mellitus type 1 retinopathy 5447 6

Blindness due to diabetes mellitus type 1 retinopathy 5450 6

Diabetic neuropathy due to diabetes mellitus type 1 22853 5

Diabetic neuropathy due to diabetes mellitus type 1, without diabetic foot or amputation 5432 6

Diabetic foot due to neuropathy due to diabetes mellitus type 1 5429 6

Diabetic neuropathy and amputation with treatment due to diabetes mellitus type 1 5435 6

Diabetic neuropathy and amputation without treatment due to diabetes mellitus type 1 5438 6

Diabetes mellitus type 2 976 4

Uncomplicated diabetes mellitus type 2 5465 5

Vision loss due to diabetes mellitus type 2 retinopathy 22751 5

Moderate vision impairment due to diabetes mellitus type 2 retinopathy 5468 6

Severe vision impairment due to diabetes mellitus type 2 retinopathy 5471 6
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Blindness due to diabetes mellitus type 2 retinopathy 5474 6

Diabetic neuropathy due to diabetes mellitus type 2 22856 5

Diabetic neuropathy due to diabetes mellitus type 2, without diabetic foot or amputation 5456 6

Diabetic foot due to neuropathy due to diabetes mellitus type 2 5453 6

Diabetic neuropathy and amputation with treatment due to diabetes mellitus type 2 5459 6

Diabetic neuropathy and amputation without treatment due to diabetes mellitus type 2 5462 6

Chronic kidney disease 589 3

Chronic kidney disease due to diabetes mellitus type 1 997 4

Albuminuria with preserved GFR due to type 1 diabetes mellitus 5540 5

Stage III chronic kidney disease due to diabetes mellitus type 1 6812 5

Stage III chronic kidney disease and mild anemia due to type 1 diabetes mellitus 5225 6

Stage III chronic kidney disease and moderate anemia due to type 1 diabetes mellitus 5219 6

Stage III chronic kidney disease and severe anemia due to type 1 diabetes mellitus 5213 6

Stage III chronic kidney disease without anemia due to type 1 diabetes mellitus 5231 6
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Stage IV chronic kidney disease due to diabetes mellitus type 1 6827 5

Stage IV chronic kidney disease untreated and mild anemia due to type 1 diabetes mellitus 5249 6

Stage IV chronic kidney disease untreated and moderate anemia due to type 1 diabetes mellitus 5243 6

Stage IV chronic kidney disease untreated and severe anemia due to type 1 diabetes mellitus 5237 6

Stage IV chronic kidney disease untreated without anemia due to type 1 diabetes mellitus 5255 6

Stage V chronic kidney disease due to diabetes mellitus type 1 6842 5

Stage V chronic kidney disease untreated and mild anemia due to type 1 diabetes mellitus 5273 6

Stage V chronic kidney disease untreated and moderate anemia due to type 1 diabetes mellitus 5267 6

Stage V chronic kidney disease untreated and severe anemia due to type 1 diabetes mellitus 5261 6

Stage V chronic kidney disease untreated without anemia due to type 1 diabetes mellitus 5279 6

End-stage chronic kidney disease due to diabetes mellitus type 1 6341 5

End-stage renal disease after transplant due to type 1 diabetes mellitus 5201 6

End-stage renal disease on dialysis due to type 1 diabetes mellitus 5207 6

Chronic kidney disease due to diabetes mellitus type 2 998 4
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Albuminuria with preserved GFR due to type 2 diabetes mellitus 5543 5

Stage III chronic kidney disease due to diabetes mellitus type 2 6815 5

Stage III chronic kidney disease and mild anemia due to type 2 diabetes mellitus 5228 6

Stage III chronic kidney disease and moderate anemia due to type 2 diabetes mellitus 5222 6

Stage III chronic kidney disease and severe anemia due to type 2 diabetes mellitus 5216 6

Stage III chronic kidney disease without anemia due to type 2 diabetes mellitus 5234 6

Stage IV chronic kidney disease due to diabetes mellitus type 2 6830 5

Stage IV chronic kidney disease untreated and mild anemia due to type 2 diabetes mellitus 5252 6

Stage IV chronic kidney disease untreated and moderate anemia due to type 2 diabetes mellitus 5246 6

Stage IV chronic kidney disease untreated and severe anemia due to type 2 diabetes mellitus 5240 6

Stage IV chronic kidney disease untreated without anemia due to type 2 diabetes mellitus 5258 6

Stage V chronic kidney disease due to diabetes mellitus type 2 6845 5

Stage V chronic kidney disease untreated and mild anemia due to type 2 diabetes mellitus 5276 6

Stage V chronic kidney disease untreated and moderate anemia due to type 2 diabetes mellitus 5270 6
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Stage V chronic kidney disease untreated and severe anemia due to type 2 diabetes mellitus 5264 6

Stage V chronic kidney disease untreated without anemia due to type 2 diabetes mellitus 5282 6

End-stage chronic kidney disease due to diabetes mellitus type 2 6344 5

End-stage renal disease after transplant due to type 2 diabetes mellitus 5204 6

End-stage renal disease on dialysis due to type 2 diabetes mellitus 5210 6

Chronic kidney disease due to hypertension 591 4

Albuminuria with preserved GFR due to hypertension 5546 5

Stage III chronic kidney disease due to hypertension 6821 5

Stage III chronic kidney disease and mild anemia due to hypertension 1016 6

Stage III chronic kidney disease and moderate anemia due to hypertension 1017 6

Stage III chronic kidney disease and severe anemia due to hypertension 1018 6

Stage III chronic kidney disease without anemia due to hypertension 1019 6

Stage IV chronic kidney disease due to hypertension 6836 5

Stage IV chronic kidney disease untreated and mild anemia due to hypertension 1421 6
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Stage IV chronic kidney disease untreated and moderate anemia due to hypertension 1424 6

Stage IV chronic kidney disease untreated and severe anemia due to hypertension 1427 6

Stage IV chronic kidney disease untreated without anemia due to hypertension 1418 6

Stage V chronic kidney disease due to hypertension 6851 5

Stage V chronic kidney disease untreated and mild anemia due to hypertension 1373 6

Stage V chronic kidney disease untreated and moderate anemia due to hypertension 1376 6

Stage V chronic kidney disease untreated and severe anemia due to hypertension 1379 6

Stage V chronic kidney disease untreated without anemia due to hypertension 1370 6

End-stage chronic kidney disease due to hypertension 6350 5

End-stage renal disease after transplant due to hypertension 501 6

End-stage renal disease on dialysis due to hypertension 502 6

Chronic kidney disease due to glomerulonephritis 592 4

Albuminuria with preserved GFR due to glomerulonephritis 5549 5

Stage III chronic kidney disease due to glomerulonephritis 6818 5
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Stage III chronic kidney disease and mild anemia due to glomerulonephritis 1024 6

Stage III chronic kidney disease and moderate anemia due to glomerulonephritis 1025 6

Stage III chronic kidney disease and severe anemia due to glomerulonephritis 1026 6

Stage III chronic kidney disease without anemia due to glomerulonephritis 1027 6

Stage IV chronic kidney disease due to glomerulonephritis 6833 5

Stage IV chronic kidney disease untreated and mild anemia due to glomerulonephritis 1433 6

Stage IV chronic kidney disease untreated and moderate anemia due to glomerulonephritis 1436 6

Stage IV chronic kidney disease untreated and severe anemia due to glomerulonephritis 1439 6

Stage IV chronic kidney disease untreated without anemia due to glomerulonephritis 1430 6

Stage V chronic kidney disease due to glomerulonephritis 6848 5

Stage V chronic kidney disease untreated and mild anemia due to glomerulonephritis 1385 6

Stage V chronic kidney disease untreated and moderate anemia due to glomerulonephritis 1388 6

Stage V chronic kidney disease untreated and severe anemia due to glomerulonephritis 1391 6

Stage V chronic kidney disease untreated without anemia due to glomerulonephritis 1382 6
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End-stage chronic kidney disease due to glomerulonephritis 6347 5

End-stage renal disease after transplant due to glomerulonephritis 504 6

End-stage renal disease on dialysis due to glomerulonephritis 505 6

Chronic kidney disease due to other and unspecified causes 593 4

Albuminuria with preserved GFR due to other and unspecified causes 5552 5

Stage III chronic kidney disease due to other causes 6824 5

Stage III chronic kidney disease and mild anemia due to other and unspecified causes 1032 6

Stage III chronic kidney disease and moderate anemia due to other and unspecified causes 1033 6

Stage III chronic kidney disease and severe anemia due to other and unspecified causes 1034 6

Stage III chronic kidney disease without anemia due to other and unspecified causes 1035 6

Stage IV chronic kidney disease due to other causes 6839 5

Stage IV chronic kidney disease untreated and mild anemia due to other and unspecified causes 1445 6

Stage IV chronic kidney disease untreated and moderate anemia due to other and unspecified causes 1448 6

Stage IV chronic kidney disease untreated and severe anemia due to other and unspecified causes 1451 6
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Stage IV chronic kidney disease untreated without anemia due to other and unspecified causes 1442 6

Stage V chronic kidney disease due to other causes 6854 5

Stage V chronic kidney disease untreated and mild anemia due to other and unspecified causes 1397 6

Stage V chronic kidney disease untreated and moderate anemia due to other and unspecified causes 1400 6

Stage V chronic kidney disease untreated and severe anemia due to other and unspecified causes 1403 6

Stage V chronic kidney disease untreated without anemia due to other and unspecified causes 1394 6

End-stage chronic kidney disease due to other causes 6353 5

End-stage renal disease after transplant due to other and unspecified causes 507 6

End-stage renal disease on dialysis due to other and unspecified causes 508 6

Acute glomerulonephritis 588 3

Acute glomerulonephritis 497 5

Skin and subcutaneous diseases 653 2

Dermatitis 654 3

Atopic dermatitis 977 4
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Atopic dermatitis 22754 5

Mild atopic dermatitis 588 6

Moderate atopic dermatitis 589 6

Severe atopic dermatitis 590 6

Contact dermatitis 978 4

Contact dermatitis 22757 5

Mild contact dermatitis 659 6

Moderate contact dermatitis 660 6

Asymptomatic contact dermatitis 1047 6

Seborrhoeic dermatitis 979 4

Seborrhoeic dermatitis 22760 5

Symptomatic seborrhoeic dermatitis 661 6

Asymptomatic seborrhoeic dermatitis 1046 6

Psoriasis 655 3
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Psoriasis 22763 5

Mild psoriasis 591 6

Moderate psoriasis 592 6

Severe psoriasis 593 6

Bacterial skin diseases 980 3

Cellulitis 656 4

Cellulitis 22766 5

Mild cellulitis 969 6

Moderate cellulitis 4628 6

Severe cellulitis 970 6

Pyoderma 657 4

Impetigo 594 5

Abscess and other bacterial skin diseases 595 5

Scabies 658 3
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Scabies 596 5

Fungal skin diseases 659 3

Tinea capitis 597 5

Other fungal skin diseases 672 5

Viral skin diseases 660 3

Viral warts 7004 5

Mild viral warts 598 6

Severe viral warts 599 6

Molluscum contagiosum 7007 5

Mild molluscum contagiosum 900 6

Severe molluscum contagiosum 901 6

Acne vulgaris 661 3

Acne vulgaris 6092 5

Non-disabling symptomatic acne 5618 6
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Mild acne vulgaris 4619 6

Moderate acne vulgaris 4622 6

Severe acne vulgaris 4625 6

Alopecia areata 662 3

Alopecia areata 22769 5

Mild alopecia areata 601 6

Severe alopecia areata 602 6

Pruritus 663 3

Pruritus 603 5

Urticaria 664 3

Urticaria 22772 5

Mild urticaria 604 6

Severe urticaria 605 6

Decubitus ulcer 665 3
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Decubitus ulcer 22775 5

Mild decubitus ulcer 606 6

Moderate decubitus ulcer 607 6

Severe decubitus ulcer 608 6

Other skin and subcutaneous diseases 668 3

Other skin and subcutaneous diseases 22778 5

Asymptomatic other skin and subcutaneous diseases 898 6

Symptomatic other skin and subcutaneous diseases 899 6

Sense organ diseases 669 2

Blindness and vision impairment 981 3

Glaucoma 670 4

Vision impairment due to glaucoma 22781 5

Moderate vision impairment due to glaucoma 609 6

Severe vision impairment due to glaucoma 610 6
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Blindness due to glaucoma 611 6

Cataract 671 4

Vision impairment due to cataract 22784 5

Moderate vision impairment due to cataract 612 6

Severe vision impairment due to cataract 613 6

Blindness due to cataract 614 6

Age-related macular degeneration 672 4

Vision impairment due to macular degeneration 22787 5

Moderate vision impairment due to macular degeneration 615 6

Severe vision impairment due to macular degeneration 616 6

Blindness due to macular degeneration 617 6

Refraction disorders 999 4

Vision impairment due to uncorrected refractive error 22790 5

Moderate vision impairment due to uncorrected refractive error 618 6

957



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe vision impairment due to uncorrected refractive error 619 6

Blindness due to uncorrected refractive error 620 6

Near vision loss 1000 4

Near vision loss 5483 5

Other vision loss 675 4

Vision impairment due to other vision loss 22793 5

Moderate vision impairment due to other vision loss 634 6

Severe vision impairment due to other vision loss 635 6

Blindness due to other vision loss 636 6

Age-related and other hearing loss 674 3

Age-related and other hearing loss 6134 5

Mild hearing loss due to age-related and other hearing loss 621 6

Mild hearing loss with ringing due to age-related and other hearing loss 622 6

Moderate hearing loss due to age-related and other hearing loss 623 6
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Moderate hearing loss with ringing due to age-related and other hearing loss 624 6

Moderately severe hearing loss due to age-related and other hearing loss 625 6

Moderately severe hearing loss with ringing due to age-related and other hearing loss 626 6

Severe hearing loss with ringing due to age-related and other hearing loss 627 6

Severe hearing loss due to age-related and other hearing loss 628 6

Profound hearing loss due to age-related and other hearing loss 629 6

Profound hearing loss with ringing due to age-related and other hearing loss 630 6

Complete hearing loss due to age-related and other hearing loss 631 6

Complete hearing loss with ringing due to age-related and other hearing loss 632 6

Other sense organ diseases 679 3

Chronic other sense organ diseases 2660 5

Asymptomatic chronic other sense organ diseases 1337 6

Mild chronic other sense organ diseases 1339 6

Moderate chronic other sense organ diseases 1340 6
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Acute other sense organ diseases 6125 5

Asymptomatic acute other sense organ diseases 1333 6

Mild acute other sense organ diseases 1334 6

Moderate acute other sense organ diseases 1335 6

Musculoskeletal disorders 626 2

Rheumatoid arthritis 627 3

Rheumatoid arthritis 6776 5

Asymptomatic rheumatoid arthritis 7163 6

Mild rheumatoid arthritis 543 6

Moderate rheumatoid arthritis 544 6

Severe rheumatoid arthritis 545 6

Osteoarthritis 628 3

Osteoarthritis of the hip 6671 5

Asymptomatic osteoarthritis of the hip 7181 6
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Mild osteoarthritis of the hip 546 6

Moderate osteoarthritis of the hip 547 6

Severe osteoarthritis of the hip 548 6

Osteoarthritis of the knee 6674 5

Asymptomatic osteoarthritis of the knee 7178 6

Mild osteoarthritis of the knee 549 6

Moderate osteoarthritis of the knee 550 6

Severe osteoarthritis of the knee 551 6

Low back pain 630 3

Low back pain with leg pain 6563 5

Mild low back pain with leg pain 682 6

Moderate low back pain with leg pain 684 6

Most severe low back pain with leg pain 554 6

Severe low back pain with leg pain 552 6
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Low back pain without leg pain 6566 5

Mild low back pain without leg pain 683 6

Moderate low back pain without leg pain 685 6

Most severe low back pain without leg pain 555 6

Severe low back pain without leg pain 553 6

Neck pain 631 3

Neck pain 6641 5

Mild neck pain 556 6

Severe neck pain 557 6

Moderate neck pain 558 6

Most severe neck pain 559 6

Gout 632 3

Gout 6404 5

Asymptomatic gout 824 6

962



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Symptomatic episodes of gout 823 6

Polyarticular gout 560 6

Other musculoskeletal disorders 639 3

Other musculoskeletal disorders 6704 5

Asymptomatic other musculoskeletal disorders 968 6

Other musculoskeletal disorders severity level 1 565 6

Other musculoskeletal disorders severity level 2 561 6

Other musculoskeletal disorders severity level 3 562 6

Other musculoskeletal disorders severity level 4 566 6

Other musculoskeletal disorders severity level 5 563 6

Other musculoskeletal disorders severity level 6 564 6

Other non-communicable diseases 640 2

Congenital birth defects 641 3

Neural tube defects 642 4
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Encephalocoele due to neural tube defects 6338 5

Asymptomatic encephalocele following treatment 1907 6

Incontinence due to encephalocele 1925 6

Borderline intellectual disability due to encephalocele 1910 6

Borderline intellectual disability and incontinence due to encephalocele 1928 6

Mild intellectual disability due to encephalocele 1913 6

Mild intellectual disability and incontinence due to encephalocele 1931 6

Moderate intellectual disability and incontinence due to encephalocele 1934 6

Moderate intellectual disability due to encephalocele 1916 6

Severe intellectual disability due to encephalocele 1919 6

Severe intellectual disability and incontinence due to encephalocele 1937 6

Profound intellectual disability due to encephalocele 1922 6

Profound intellectual disability and incontinence due to encephalocele 1940 6

Mild motor impairment due to encephalocele 2078 6
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Mild motor impairment and incontinence due to encephalocele 2087 6

Mild motor impairment and borderline intellectual disability due to encephalocele 2096 6

Mild motor impairment and mild intellectual disability due to encephalocele 2105 6

Mild motor impairment and moderate intellectual disability due to encephalocele 2114 6

Mild motor impairment and severe intellectual disability due to encephalocele 2123 6

Mild motor impairment and profound intellectual disability due to encephalocele 2132 6

Mild motor impairment, borderline intellectual disability and incontinence due to encephalocele 2141 6

Mild motor impairment, mild intellectual disability and incontinence due to encephalocele 2150 6

Mild motor impairment, moderate intellectual disability and incontinence due to encephalocele 2159 6

Mild motor impairment, severe intellectual disability and incontinence due to encephalocele 2168 6

Mild motor impairment, profound intellectual disability and incontinence due to encephalocele 2177 6

Moderate motor impairment due to encephalocele 2081 6

Moderate motor impairment and incontinence due to encephalocele 2090 6

Moderate motor impairment and borderline intellectual disability due to encephalocele 2099 6
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Moderate motor impairment and mild intellectual disability due to encephalocele 2108 6

Moderate motor impairment and moderate intellectual disability due to encephalocele 2117 6

Moderate motor impairment and severe intellectual disability due to encephalocele 2126 6

Moderate motor impairment and profound intellectual disability due to encephalocele 2135 6

Moderate motor impairment, borderline intellectual disability and incontinence due to encephalocele 2144 6

Moderate motor impairment, mild intellectual disability and incontinence due to encephalocele 2153 6

Moderate motor impairment, moderate intellectual disability and incontinence due to encephalocele 2162 6

Moderate motor impairment, severe intellectual disability and incontinence due to encephalocele 2171 6

Moderate motor impairment, profound intellectual disability and incontinence due to encephalocele 2180 6

Severe motor impairment due to encephalocele 2084 6

Severe motor impairment and incontinence due to encephalocele 2093 6

Severe motor impairment and borderline intellectual disability due to encephalocele 2102 6

Severe motor impairment and mild intellectual disability due to encephalocele 2111 6

Severe motor impairment and moderate intellectual disability due to encephalocele 2120 6
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Severe motor impairment and severe intellectual disability due to encephalocele 2129 6

Severe motor impairment and profound intellectual disability due to encephalocele 2138 6

Severe motor impairment, borderline intellectual disability and incontinence due to encephalocele 2147 6

Severe motor impairment, mild intellectual disability and incontinence due to encephalocele 2156 6

Severe motor impairment, moderate intellectual disability and incontinence due to encephalocele 2165 6

Severe motor impairment, severe intellectual disability and incontinence due to encephalocele 2174 6

Severe motor impairment, profound intellectual disability and incontinence due to encephalocele 2183 6

Spina bifida due to neural tube defects 6806 5

Mild motor impairment due to spina bifida 1943 6

Mild motor impairment and incontinence due to spina bifida 2024 6

Mild motor impairment and borderline intellectual disability due to spina bifida 1952 6

Mild motor impairment and mild intellectual disability due to spina bifida 1961 6

Mild motor impairment and moderate intellectual disability due to spina bifida 1970 6

Mild motor impairment and severe intellectual disability due to spina bifida 1979 6
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Mild motor impairment and profound intellectual disability due to spina bifida 2060 6

Mild motor impairment, borderline intellectual disability and incontinence due to spina bifida 1988 6

Mild motor impairment, mild intellectual disability and incontinence due to spina bifida 1997 6

Mild motor impairment, moderate intellectual disability and incontinence due to spina bifida 2006 6

Mild motor impairment, severe intellectual disability and incontinence due to spina bifida 2015 6

Mild motor impairment, profound intellectual disability and incontinence due to spina bifida 2069 6

Moderate motor impairment due to spina bifida 1946 6

Moderate motor impairment and incontinence due to spina bifida 2027 6

Moderate motor impairment and borderline intellectual disability due to spina bifida 1955 6

Moderate motor impairment and mild intellectual disability due to spina bifida 1964 6

Moderate motor impairment and moderate intellectual disability due to spina bifida 1973 6

Moderate motor impairment and severe intellectual disability due to spina bifida 1982 6

Moderate motor impairment and profound intellectual disability due to spina bifida 2063 6

Moderate motor impairment, borderline intellectual disability and incontinence due to spina bifida 1991 6
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Moderate motor impairment, mild intellectual disability and incontinence due to spina bifida 2000 6

Moderate motor impairment, moderate intellectual disability and incontinence due to spina bifida 2009 6

Moderate motor impairment, severe intellectual disability and incontinence due to spina bifida 2018 6

Moderate motor impairment, profound intellectual disability and incontinence due to spina bifida 2072 6

Severe motor impairment due to spina bifida 1949 6

Severe motor impairment and incontinence due to spina bifida 2030 6

Severe motor impairment and borderline intellectual disability due to spina bifida 1958 6

Severe motor impairment and mild intellectual disability due to spina bifida 1967 6

Severe motor impairment and moderate intellectual disability due to spina bifida 1976 6

Severe motor impairment and severe intellectual disability due to spina bifida 1985 6

Severe motor impairment and profound intellectual disability due to spina bifida 2066 6

Severe motor impairment, borderline intellectual disability and incontinence due to spina bifida 1994 6

Severe motor impairment, mild intellectual disability and incontinence due to spina bifida 2003 6

Severe motor impairment, moderate intellectual disability and incontinence due to spina bifida 2012 6
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Severe motor impairment, severe intellectual disability and incontinence due to spina bifida 2021 6

Severe motor impairment, profound intellectual disability and incontinence due to spina bifida 2075 6

Severe motor and cognitive impairment due to anencephaly 1904 5

Congenital heart anomalies 643 4

Critical malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus 6290 5

Congenital heart disease and borderline intellectual disability without heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4805 6

Congenital heart disease and controlled, medically managed heart failure without intellectual disability due to critical 

malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus
5792 6

Congenital heart disease and mild heart failure without intellectual disability due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4820 6

Congenital heart disease and mild intellectual disability without heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4808 6

Congenital heart disease and moderate heart failure without intellectual disability due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4838 6

Congenital heart disease and moderate intellectual disability without heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4811 6

Congenital heart disease and profound intellectual disability without heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4817 6

Congenital heart disease and severe heart failure without intellectual disability due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4856 6

Congenital heart disease and severe intellectual disability without heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4814 6
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Congenital heart disease without heart failure or intellectual disability due to critical malformations of great vessels, 

congenital valvular heart disease and patent ductus arteriosus
4802 6

Congenital heart disease, boderline intellectual disability and controlled, medically managed heart failure due to critical 

malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus
5804 6

Congenital heart disease, boderline intellectual disability and mild heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4823 6

Congenital heart disease, borderline intellectual disability and moderate heart failure due to critical malformations of 

great vessels, congenital valvular heart disease and patent ductus arteriosus
4841 6

Congenital heart disease, borderline intellectual disability and severe heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4859 6

Congenital heart disease, mild intellectual disability and controlled, medically managed heart failure due to critical 

malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus
5816 6

Congenital heart disease, mild intellectual disability and mild heart failure due to critical malformations of great vessels, 

congenital valvular heart disease and patent ductus arteriosus
4826 6

Congenital heart disease, mild intellectual disability and moderate heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4844 6

Congenital heart disease, mild intellectual disability and severe heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4862 6

Congenital heart disease, moderate intellectual disability and controlled, medically managed heart failure due to critical 

malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus
5828 6

Congenital heart disease, moderate intellectual disability and mild heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4829 6

Congenital heart disease, moderate intellectual disability and moderate heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4847 6

Congenital heart disease, moderate intellectual disability and severe heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4865 6

Congenital heart disease, profound intellectual disability and controlled, medically managed heart failure due to critical 

malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus
5849 6
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Congenital heart disease, profound intellectual disability and mild heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4835 6

Congenital heart disease, profound intellectual disability and moderate heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4853 6

Congenital heart disease, profound intellectual disability and severe heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4871 6

Congenital heart disease, severe intellectual disability and controlled, medically managed heart failure due to critical 

malformations of great vessels, congenital valvular heart disease and patent ductus arteriosus
5852 6

Congenital heart disease, severe intellectual disability and mild heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4832 6

Congenital heart disease, severe intellectual disability and moderate heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4850 6

Congenital heart disease, severe intellectual disability and severe heart failure due to critical malformations of great 

vessels, congenital valvular heart disease and patent ductus arteriosus
4868 6

Other congenital heart anomalies 6683 5

Congenital heart disease and borderline intellectual disability without heart failure due to other congenital cardiovascular 

anomalies
4643 6

Congenital heart disease and mild intellectual disability without heart failure due to other congenital cardiovascular 

anomalies
4646 6

Congenital heart disease and moderate intellectual disability without heart failure due to other congenital cardiovascular 

anomalies
4649 6

Congenital heart disease and profound intellectual disability without heart failure due to other congenital cardiovascular 

anomalies
4655 6

Congenital heart disease and severe intellectual disability without heart failure due to other congenital cardiovascular 

anomalies
4652 6

Congenital heart disease without intellectual disability or heart failure due to other congenital cardiovascular anomalies 4640 6
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Severe congenital heart anomalies excluding single ventricle heart defects 6788 5

Congenital heart disease and borderline intellectual disability without heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4733 6

Congenital heart disease and controlled, medically managed heart failure without intellectual disability due to severe 

congenital heart anomalies excluding single ventricle heart defects
5795 6

Congenital heart disease and mild heart failure without intellectual disability due to severe congenital heart anomalies 

excluding single ventricle heart defects
4748 6

Congenital heart disease and mild intellectual disability  without heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4736 6

Congenital heart disease and moderate heart failure without intellectual disability due to severe congenital heart 

anomalies excluding single ventricle heart defects
4766 6

Congenital heart disease and moderate intellectual disability  without heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4739 6

Congenital heart disease and profound intellectual disability without heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4745 6

Congenital heart disease and severe heart failure without intellectual disability due to severe congenital heart anomalies 

excluding single ventricle heart defects
4784 6

Congenital heart disease and severe intellectual disability  without heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4742 6

Congenital heart disease without intellectual disability or heart failure due to severe congenital heart anomalies excluding 

single ventricle heart defects
4730 6

Congenital heart disease, boderline intellectual disability and controlled, medically managed heart failure due to severe 

congenital heart anomalies excluding single ventricle heart defects
5807 6

Congenital heart disease, boderline intellectual disability and mild heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4751 6

Congenital heart disease, borderline intellectual disability and moderate heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4769 6
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Congenital heart disease, borderline intellectual disability and severe heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4787 6

Congenital heart disease, mild intellectual disability and controlled, medically managed heart failure due to severe 

congenital heart anomalies excluding single ventricle heart defects
5819 6

Congenital heart disease, mild intellectual disability and mild heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4754 6

Congenital heart disease, mild intellectual disability and moderate heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4772 6

Congenital heart disease, mild intellectual disability and severe heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4790 6

Congenital heart disease, moderate intellectual disability and controlled, medically managed heart failure due to severe 

congenital heart anomalies excluding single ventricle heart defects
5831 6

Congenital heart disease, moderate intellectual disability and mild heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4757 6

Congenital heart disease, moderate intellectual disability and moderate heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4775 6

Congenital heart disease, moderate intellectual disability and severe heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4793 6

Congenital heart disease, profound intellectual disability and controlled, medically managed heart failure due to severe 

congenital heart anomalies excluding single ventricle heart defects
5840 6

Congenital heart disease, profound intellectual disability and mild heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4763 6

Congenital heart disease, profound intellectual disability and moderate heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4781 6

Congenital heart disease, profound intellectual disability and severe heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4799 6

Congenital heart disease, severe intellectual disability and controlled, medically managed heart failure due to severe 

congenital heart anomalies excluding single ventricle heart defects
5855 6
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Congenital heart disease, severe intellectual disability and mild heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4760 6

Congenital heart disease, severe intellectual disability and moderate heart failure due to severe congenital heart 

anomalies excluding single ventricle heart defects
4778 6

Congenital heart disease, severe intellectual disability and severe heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects
4796 6

Single ventricle and single ventricle pathway congenital heart anomalies 6800 5

Congenital heart disease and borderline intellectual disability without heart failure due to single ventricle and single 

ventricle pathway heart defects
4661 6

Congenital heart disease and controlled, medically managed heart failure without intellectual disability due to single 

ventricle and single ventricle pathway heart defects
5798 6

Congenital heart disease and mild heart failure without intellectual disability due to single ventricle and single ventricle 

pathway heart defects
4676 6

Congenital heart disease and mild intellectual disability without heart failure  due to single ventricle and single ventricle 

pathway heart defects
4664 6

Congenital heart disease and moderate heart failure without intellectual disability due to single ventricle and single 

ventricle pathway heart defects
4694 6

Congenital heart disease and moderate intellectual disability without heart failure  due to single ventricle and single 

ventricle pathway heart defects
4667 6

Congenital heart disease and profound intellectual disability without heart failure due to single ventricle and single 

ventricle pathway heart defects
4673 6

Congenital heart disease and severe heart failure without intellectual disability due to single ventricle and single ventricle 

pathway heart defects
4712 6

Congenital heart disease and severe intellectual disability without heart failure due to single ventricle and single ventricle 

pathway heart defects
4670 6

Congenital heart disease without intellectual disability or heart failure due to single ventricle and single ventricle 

pathway heart defects
4658 6
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Congenital heart disease, boderline intellectual disability and controlled, medically managed heart failure due to single 

ventricle and single ventricle pathway heart defects
5810 6

Congenital heart disease, boderline intellectual disability and mild heart failure due to single ventricle and single 

ventricle pathway heart defects
4679 6

Congenital heart disease, borderline intellectual disability and moderate heart failure due to single ventricle and single 

ventricle pathway heart defects
4697 6

Congenital heart disease, borderline intellectual disability and severe heart failure due to single ventricle and single 

ventricle pathway heart defects
4715 6

Congenital heart disease, mild intellectual disability and controlled, medically managed heart failure due to single 

ventricle and single ventricle pathway heart defects
5822 6

Congenital heart disease, mild intellectual disability and mild heart failure due to single ventricle and single ventricle 

pathway heart defects
4682 6

Congenital heart disease, mild intellectual disability and moderate heart failure due to single ventricle and single ventricle 

pathway heart defects
4700 6

Congenital heart disease, mild intellectual disability and severe heart failure due to single ventricle and single ventricle 

pathway heart defects
4718 6

Congenital heart disease, moderate intellectual disability and controlled, medically managed heart failure due to single 

ventricle and single ventricle pathway heart defects
5834 6

Congenital heart disease, moderate intellectual disability and mild heart failure due to single ventricle and single ventricle 

pathway heart defects
4685 6

Congenital heart disease, moderate intellectual disability and moderate heart failure due to single ventricle and single 

ventricle pathway heart defects
4703 6

Congenital heart disease, moderate intellectual disability and severe heart failure due to single ventricle and single 

ventricle pathway heart defects
4721 6

Congenital heart disease, profound intellectual disability and controlled, medically managed heart failure due to single 

ventricle and single ventricle pathway heart defects
5843 6

Congenital heart disease, profound intellectual disability and mild heart failure due to single ventricle and single ventricle 

pathway heart defects
4691 6
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Congenital heart disease, profound intellectual disability and moderate heart failure due to single ventricle and single 

ventricle pathway heart defects
4709 6

Congenital heart disease, profound intellectual disability and severe heart failure due to single ventricle and single 

ventricle pathway heart defects
4727 6

Congenital heart disease, severe intellectual disability and controlled, medically managed heart failure due to single 

ventricle and single ventricle pathway heart defects
5858 6

Congenital heart disease, severe intellectual disability and mild heart failure due to single ventricle and single ventricle 

pathway heart defects
4688 6

Congenital heart disease, severe intellectual disability and moderate heart failure due to single ventricle and single 

ventricle pathway heart defects
4706 6

Congenital heart disease, severe intellectual disability and severe heart failure due to single ventricle and single ventricle 

pathway heart defects
4724 6

Ventricular septal defect and atrial septal defect 6950 5

Asymptomatic ventricular septal defect and atrial septal defect 1757 6

Congenital heart disease and borderline intellectual disability without heart failure due to ventricular septal defect and 

atrial septal defect
4877 6

Congenital heart disease and controlled, medically managed heart failure without intellectual disability due to ventricular 

septal defect and atrial septal defect
5801 6

Congenital heart disease and mild heart failure without intellectual disability due to ventricular septal defect and atrial 

septal defect
4892 6

Congenital heart disease and mild intellectual disability without heart failure due to ventricular septal defect and atrial 

septal defect
4880 6

Congenital heart disease and moderate heart failure without intellectual disability due to ventricular septal defect and 

atrial septal defect
4910 6

Congenital heart disease and moderate intellectual disability without heart failure due to ventricular septal defect and 

atrial septal defect
4883 6
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Congenital heart disease and profound intellectual disability without heart failure due to ventricular septal defect and 

atrial septal defect
4889 6

Congenital heart disease and severe heart without intellectual disability due to ventricular septal defect and atrial septal 

defect
4928 6

Congenital heart disease and severe intellectual disability without heart failure due to ventricular septal defect and atrial 

septal defect
4886 6

Congenital heart disease without heart failure or intellectual disability due to ventricular septal defect and atrial septal 

defect
4874 6

Congenital heart disease, boderline intellectual disability and controlled, medically managed heart failure due to 

ventricular septal defect and atrial septal defect
5813 6

Congenital heart disease, boderline intellectual disability and mild heart failure due to ventricular septal defect and atrial 

septal defect
4895 6

Congenital heart disease, borderline intellectual disability and moderate heart failure due to ventricular septal defect and 

atrial septal defect
4913 6

Congenital heart disease, borderline intellectual disability and severe heart failure due to ventricular septal defect and 

atrial septal defect
4931 6

Congenital heart disease, mild intellectual disability and controlled, medically managed heart failure due to ventricular 

septal defect and atrial septal defect
5825 6

Congenital heart disease, mild intellectual disability and mild heart failure due to ventricular septal defect and atrial 

septal defect
4898 6

Congenital heart disease, mild intellectual disability and moderate heart failure due to ventricular septal defect and atrial 

septal defect
4916 6

Congenital heart disease, mild intellectual disability and severe heart failure due to ventricular septal defect and atrial 

septal defect
4934 6

Congenital heart disease, moderate intellectual disability and controlled, medically managed heart failure due to 

ventricular septal defect and atrial septal defect
5837 6

Congenital heart disease, moderate intellectual disability and mild heart failure due to ventricular septal defect and atrial 

septal defect
4901 6
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Congenital heart disease, moderate intellectual disability and moderate heart failure due to ventricular septal defect and 

atrial septal defect
4919 6

Congenital heart disease, moderate intellectual disability and severe heart failure due to ventricular septal defect and 

atrial septal defect
4937 6

Congenital heart disease, profound intellectual disability and controlled, medically managed heart failure due to 

ventricular septal defect and atrial septal defect
5846 6

Congenital heart disease, profound intellectual disability and mild heart failure due to ventricular septal defect and atrial 

septal defect
4907 6

Congenital heart disease, profound intellectual disability and moderate heart failure due to ventricular septal defect and 

atrial septal defect
4925 6

Congenital heart disease, profound intellectual disability and severe heart failure due to ventricular septal defect and 

atrial septal defect
4943 6

Congenital heart disease, severe intellectual disability and controlled, medically managed heart failure due to ventricular 

septal defect and atrial septal defect
5861 6

Congenital heart disease, severe intellectual disability and mild heart failure due to ventricular septal defect and atrial 

septal defect
4904 6

Congenital heart disease, severe intellectual disability and moderate heart failure due to ventricular septal defect and 

atrial septal defect
4922 6

Congenital heart disease, severe intellectual disability and severe heart failure due to ventricular septal defect and atrial 

septal defect
4940 6

Orofacial clefts 644 4

Orofacial clefts 22796 5

Asymptomatic orofacial clefts 926 6

Disfigurement level 1 due to orofacial clefts 923 6
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Disfigurement level 2 due to orofacial clefts 924 6

Disfigurement level 2 and speech problems due to orofacial clefts 925 6

Down syndrome 645 4

Down syndrome 6320 5

Asymptomatic Down syndrome 930 6

Isolated congenital heart disease due to Down syndrome 838 6

Borderline intellectual disability due to Down syndrome 1212 6

Mild intellectual disability due to Down syndrome 1213 6

Moderate intellectual disability due to Down syndrome 1214 6

Severe intellectual disability due to Down syndrome 1215 6

Profound intellectual disability due to Down syndrome 1216 6

Borderline intellectual disability with congenital heart disease due to Down syndrome 1217 6

Mild intellectual disability with congenital heart disease due to Down syndrome 1218 6

Moderate intellectual disability with congenital heart disease due to Down syndrome 1219 6
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Severe intellectual disability with congenital heart disease due to Down syndrome 1220 6

Profound intellectual disability with congenital heart disease due to Down syndrome 1221 6

Mild dementia due to Down syndrome 1234 6

Moderate dementia due to Down syndrome 1235 6

Severe dementia due to Down syndrome 1236 6

Congenital heart disease and mild dementia due to Down syndrome 1237 6

Congenital heart disease and moderate dementia due to Down syndrome 1238 6

Congenital heart disease and severe dementia due to Down syndrome 1239 6

Borderline intellectual disability, mild dementia, and congenital heart disease due to Down syndrome 1267 6

Mild intellectual disability, mild dementia, and congenital heart disease due to Down syndrome 1268 6

Moderate intellectual disability, mild dementia, and congenital heart disease due to Down syndrome 1269 6

Severe intellectual disability, mild dementia, and congenital heart disease due to Down syndrome 1270 6

Profound intellectual disability, mild dementia, and congenital heart disease due to Down syndrome 1271 6

Borderline intellectual disability, moderate dementia, and congenital heart disease due to Down syndrome 1272 6
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Mild intellectual disability, moderate dementia, and congenital heart disease due to Down syndrome 1273 6

Moderate intellectual disability, moderate dementia, and congenital heart disease due to Down syndrome 1274 6

Severe intellectual disability, moderate dementia, and congenital heart disease due to Down syndrome 1275 6

Profound intellectual disability, moderate dementia, and congenital heart disease due to Down syndrome 1276 6

Borderline intellectual disability, severe dementia, and congenital heart disease due to Down syndrome 1277 6

Mild intellectual disability, severe dementia, and congenital heart disease due to Down syndrome 1278 6

Moderate intellectual disability, severe dementia, and congenital heart disease due to Down syndrome 1279 6

Severe intellectual disability, severe dementia, and congenital heart disease due to Down syndrome 1280 6

Profound intellectual disability, severe dementia, and congenital heart disease due to Down syndrome 1281 6

Profound intellectual disability and mild dementia due to Down syndrome 1297 6

Severe intellectual disability and mild dementia due to Down syndrome 1298 6

Moderate intellectual disability and mild dementia due to Down syndrome 1299 6

Mild intellectual disability and mild dementia due to Down syndrome 1300 6

Borderline intellectual disability and mild dementia due to Down syndrome 1301 6
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Profound intellectual disability and moderate dementia due to Down syndrome 1302 6

Severe intellectual disability and moderate dementia due to Down syndrome 1303 6

Moderate intellectual disability and moderate dementia due to Down syndrome 1304 6

Mild intellectual disability and moderate dementia due to Down syndrome 1305 6

Borderline intellectual disability and moderate dementia due to Down syndrome 1306 6

Profound intellectual disability and severe dementia due to Down syndrome 1307 6

Severe intellectual disability and severe dementia due to Down syndrome 1308 6

Moderate intellectual disability and severe dementia due to Down syndrome 1309 6

Mild intellectual disability and severe dementia due to Down syndrome 1310 6

Borderline intellectual disability and severe dementia due to Down syndrome 1311 6

Turner syndrome 646 4

Turner syndrome 6905 5

Asymptomatic Turner syndrome 914 6

Congenital heart disease due to Turner syndrome 570 6
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Primary infertility due to Turner syndrome 571 6

Congenital heart disease with infertility due to Turner syndrome 688 6

Klinefelter syndrome 647 4

Klinefelter syndrome 6536 5

Asymptomatic Klinefelter syndrome 933 6

Borderline intellectual disability due to Klinefelter syndrome 572 6

Mild intellectual disability due to Klinefelter syndrome 573 6

Mild intellectual disability with infertility due to Klinefelter syndrome 574 6

Borderline intellectual disability with infertility due to Klinefelter syndrome 691 6

Primary infertility due to Klinefelter syndrome 932 6

Other chromosomal abnormalities 648 4

Other chromosomal abnormalities 6680 5

Asymptomatic other chromosomal abnormalities 931 6

Isolated congenital heart disease due to other chromosomal abnormalities 934 6

984



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Borderline intellectual disability due to other chromosomal abnormalities 1223 6

Mild intellectual disability due to other chromosomal abnormalities 1224 6

Moderate intellectual disability due to other chromosomal abnormalities 1225 6

Severe intellectual disability due to other chromosomal abnormalities 1226 6

Profound intellectual disability due to other chromosomal abnormalities 1227 6

Borderline intellectual disability with congenital heart disease due to other chromosomal abnormalities 1228 6

Mild intellectual disability with congenital heart disease due to other chromosomal abnormalities 1229 6

Moderate intellectual disability with congenital heart disease due to other chromosomal abnormalities 1230 6

Severe intellectual disability with congenital heart disease due to other chromosomal abnormalities 1231 6

Profound intellectual disability with congenital heart disease due to other chromosomal abnormalities 1232 6

Mild dementia due to other chromosomal abnormalities 1240 6

Moderate dementia due to other chromosomal abnormalities 1241 6

Severe dementia due to other chromosomal abnormalities 1242 6

Congenital heart disease and mild dementia due to other chromosomal abnormalities 1243 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Congenital heart disease and moderate dementia due to other chromosomal abnormalities 1244 6

Congenital heart disease and severe dementia due to other chromosomal abnormalities 1245 6

Borderline intellectual disability, mild dementia, and congenital heart disease due to other chromosomal abnormalities 1282 6

Mild intellectual disability, mild dementia, and congenital heart disease due to other chromosomal abnormalities 1283 6

Moderate intellectual disability, mild dementia, and congenital heart disease due to other chromosomal abnormalities 1284 6

Severe intellectual disability, mild dementia, and congenital heart disease due to other chromosomal abnormalities 1285 6

Profound intellectual disability, mild dementia, and congenital heart disease due to other chromosomal abnormalities 1286 6

Borderline intellectual disability, moderate dementia, and congenital heart disease due to other chromosomal 

abnormalities
1287 6

Mild intellectual disability, moderate dementia, and congenital heart disease due to other chromosomal abnormalities 1288 6

Moderate intellectual disability, moderate dementia, and congenital heart disease due to other chromosomal abnormalities 1289 6

Severe intellectual disability, moderate dementia, and congenital heart disease due to other chromosomal abnormalities 1290 6

Profound intellectual disability, moderate dementia, and congenital heart disease due to other chromosomal abnormalities 1291 6

Borderline intellectual disability, severe dementia, and congenital heart disease due to other chromosomal abnormalities 1292 6

Mild intellectual disability, severe dementia, and congenital heart disease due to other chromosomal abnormalities 1293 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate intellectual disability, severe dementia, and congenital heart disease due to other chromosomal abnormalities 1294 6

Severe intellectual disability, severe dementia, and congenital heart disease due to other chromosomal abnormalities 1295 6

Profound intellectual disability, severe dementia, and congenital heart disease due to other chromosomal abnormalities 1296 6

Profound intellectual disability and mild dementia due to other chromosomal abnormalities 1312 6

Severe intellectual disability and mild dementia due to other chromosomal abnormalities 1313 6

Moderate intellectual disability and mild dementia due to other chromosomal abnormalities 1314 6

Mild intellectual disability and mild dementia due to other chromosomal abnormalities 1315 6

Borderline intellectual disability and mild dementia due to other chromosomal abnormalities 1316 6

Profound intellectual disability and moderate dementia due to other chromosomal abnormalities 1317 6

Severe intellectual disability and moderate dementia due to other chromosomal abnormalities 1318 6

Moderate intellectual disability and moderate dementia due to other chromosomal abnormalities 1319 6

Mild intellectual disability and moderate dementia due to other chromosomal abnormalities 1320 6

Borderline intellectual disability and moderate dementia due to other chromosomal abnormalities 1321 6

Profound intellectual disability and severe dementia due to other chromosomal abnormalities 1322 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Severe intellectual disability and severe dementia due to other chromosomal abnormalities 1323 6

Moderate intellectual disability and severe dementia due to other chromosomal abnormalities 1324 6

Mild intellectual disability and severe dementia due to other chromosomal abnormalities 1325 6

Borderline intellectual disability and severe dementia due to other chromosomal abnormalities 1326 6

Severe motor and cognitive impairment due to Edward Syndrome or Patau Syndrome 1898 6

Severe motor and cognitive impairment with congenital heart disease due to Edward Syndrome or Patau Syndrome 1901 6

Congenital musculoskeletal and limb anomalies 649 4

Polydactyly and syndactyly 22799 5

Disfigurement level 1 due to polydactyly and syndactyly 1550 6

Congenital limb deficiency 22802 5

Disfigurement level 2 due to congenital limb deficiency 1553 6

Disfigurement level 2 with pain due to congenital limb deficiency 1556 6

Disfigurement level 2 and mild motor impairment due to congenital limb deficiency 1565 6

Disfigurement level 2 and moderate motor impairment due to congenital limb deficiency 1568 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Disfigurement level 2 with pain and mild motor impairment due to congenital limb deficiency 1571 6

Disfigurement level 2 with pain and moderate motor impairment due to congenital limb deficiency 1574 6

Other congenital musculoskeletal anomalies 22805 5

Disfigurement level 2 due to other congenital musculoskeletal anomalies 1577 6

Disfigurement level 2 with pain due to other congenital musculoskeletal anomalies 1580 6

Disfigurement level 2 and mild motor impairment due to other congenital musculoskeletal anomalies 1589 6

Disfigurement level 2 and moderate motor impairment due to other congenital musculoskeletal anomalies 1592 6

Disfigurement level 2 with pain and mild motor impairment due to other congenital musculoskeletal anomalies 1595 6

Disfigurement level 2 with pain and moderate motor impairment due to other congenital musculoskeletal anomalies 1598 6

Urogenital congenital anomalies 650 4

Congenital genital anomalies 22808 5

Asymptomatic congenital genital anomalies 1709 6

Atypical genitalia due to congenital genital anomalies 1712 6

Primary infertility due to congenital genital anomalies 1715 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Impotence due to congenital genital anomalies 1718 6

Recurrent urinary tract infections or other abdominal issues due to congenital genital anomalies 1721 6

Atypical genital and recurrent urinary tract infections and other abdominal issues due to congenital genital anomalies 1724 6

Atypical genitalia and primary infertility due to congenital genital anomalies 1727 6

Atypical genitalia and impotence due to congenital genital anomalies 1730 6

Primary infertility and recurrent urinary tract infections or other abdominal issues due to congenital genital anomalies 1733 6

Impotence and recurrent urinary tract infections or other abdominal issues due to congenital genital anomalies 1736 6

Infertility and impotence due to congenital genital anomalies 1739 6

Atypical genitalia, recurrent urinary tract infections or other abdominal issues and infertility due to congenital genital 

anomalies
1742 6

Atypical genitalia, recurrent urinary tract infections or other abdominal issues and impotence due to congenital genital 

anomalies
1745 6

Atypical genitalia, infertility and impotence due to congenital genital anomalies 1748 6

Infertility, impotence, and recurrent urinary tract infections or other abdominal issues and impotence due to congenital 

genital anomalies
1751 6

Atypical genitalia, infertility, impotence, and recurrent urinary tract infections or other abdominal issues and impotence 

due to congenital genital anomalies
1754 6

Asymptomatic congenital anomalies of the urinary tract 1850 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Atypical genitalia due to congenital anomalies of the urinary tract 1853 6

Incontinence due to congenital anomalies of the urinary tract 1856 6

Impotence due to congenital anomalies of the urinary tract 1859 6

Recurrent urinary tract infections or other abdominal issues due to congenital anomalies of the urinary tract 1862 6

Atypical genital and recurrent urinary tract infections and other abdominal issues due to congenital anomalies of the 

urinary tract
1865 6

Atypical genitalia and incontinence due to congenital anomalies of the urinary tract 1868 6

Atypical genitalia and impotence due to congenital anomalies of the urinary tract 1871 6

Incontinence and recurrent urinary tract infections or other abdominal issues due to congenital anomalies of the urinary 

tract
1874 6

Impotence and recurrent urinary tract infections or other abdominal issues due to congenital anomalies of the urinary 

tract
1877 6

Incontinence and impotence due to congenital anomalies of the urinary tract 1880 6

Atypical genitalia, recurrent urinary tract infections or other abdominal issues and incontinence due to congenital 

anomalies of the urinary tract
1883 6

Atypical genitalia, recurrent urinary tract infections or other abdominal issues and impotence due to congenital anomalies 

of the urinary tract
1886 6

Atypical genitalia, incontinence and impotence due to congenital anomalies of the urinary tract 1889 6

Incontinence, impotence, and recurrent urinary tract infections or other abdominal issues and impotence due to 

congenital anomalies of the urinary tract
1892 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Atypical genitalia, incontinence, impotence, and recurrent urinary tract infections or other abdominal issues and 

impotence due to congenital anomalies of the urinary tract
1895 6

Digestive congenital anomalies 651 4

Congenital diaphragmatic hernia 22811 5

Asymptomatic congenital diaphragmatic hernia 1601 6

Chronic abdominal pain due to congenital diaphragmatic hernia 1604 6

Disfigurement due to congenital diaphragmatic hernia 1607 6

Mild chronic respiratory problems and breathlessness due to congenital diaphragmatic hernia 1610 6

Developmental delay or mild intellectual disability due to congenital diaphragmatic hernia 1613 6

Chronic abdominal pain and disfigurement due to congenital diaphragmatic hernia 1616 6

Chronic abdominal pain and mild chronic respiratory problems due to congenital diaphragmatic hernia 1619 6

Chronic abdominal pain and developmental delay due to congenital diaphragmatic hernia 1622 6

Disfigurement and mild chronic respiratory problems due to congenital diaphragmatic hernia 1625 6

Disfigurement and developmental delay due to congenital diaphragmatic hernia 1628 6

 Mild chronic respiratory problems and developmental delay due to congenital diaphragmatic hernia 1631 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Chronic abdominal pain, disfigurement and  chronic respiratory problems due to congenital diaphragmatic hernia 1634 6

Chronic abdominal pain, disfigurement and developmental delay due to congenital diaphragmatic hernia 1637 6

Chronic abdominal pain, chronic respiratory problems and developmental delay due to congenital diaphragmatic hernia 1640 6

Disfigurement, chronic respiratory problems and developmental delay due to congenital diaphragmatic hernia 1643 6

Chronic abdominal pain, disfigurement, developmental delay and  chronic respiratory problems due to congenital 

diaphragmatic hernia
1646 6

Congenital atresia and/or stenosis of the digestive tract 22814 5

Asymptomatic congenital atresia and/or stenosis of the digestive tract 1649 6

Dysphagia or acid reflux due to congenital atresia and/or stenosis of the digestive tract 1652 6

Chronic abdominal pain due to congenital atresia and/or stenosis of the digestive tract 1655 6

Chronic respiratory problems including difficulty breaking and recurrent upper respiratory infections due to atresia 

and/or stenosis of the digestive tract
1658 6

Chronic respiratory problems and dysphagia or acid reflux due to congenital atresia and/or stenosis of the digestive tract 1661 6

Chronic respiratory problems and abdominal pain due to congenital atresia and/or stenosis of the digestive tract 1664 6

Dysphagia or acid reflux and chronic abdominal pain due to congenital atresia and/or stenosis of the digestive tract 1667 6

Dysphagia or acid reflux, chronic abdominal pain and chronic respiratory problems due to congenital atresia and/or 

stenosis of the digestive tract
1670 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Congenital malformations of the abdominal wall after treatment 22817 5

Asymptomatic congenital malformations of the abdominal wall after treatment 1673 6

Disfigurement from scars following treatment for congenital malformations of the abdominal wall 1676 6

Constipation due to congenital malformations of the abdominal wall 1679 6

Chronic abdominal pain due to congenital malformations of the abdominal wall 1682 6

Constipation and concern about scars due to congenital malformations of the abdominal wall 1685 6

Chronic abdominal pain and concern about scars due to congenital malformations of the abdominal wall 1688 6

Constipation and chronic abdominal pain due to congenital malformations of the abdominal wall 1691 6

Constipation, chronic abdominal pain and concern about scars due to congenital malformations of the abdominal wall 1694 6

Other congenital malformations of the digestive tract 22820 5

Asymptomatic other congenital malformations of the digestive tract 1697 6

Acid reflux, dyspahgia, and/or constipation due to other congenital malformations of the digestive tract 1700 6

Chronic abdominal pain and/or nausea due to other congenital malformations of the digestive tract 1703 6

Chronic abdominal pain and/or nausea with acid reflux, dyspahgia, and/or constipation  due to other congenital 

malformations of the digestive tract
1706 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Other congenital birth defects 652 4

Hearing loss due to other congenital anomalies 6410 5

Mild hearing loss due to other congenital anomalies 576 6

Mild hearing loss with ringing due to other congenital anomalies 577 6

Moderate hearing loss due to other congenital anomalies 578 6

Moderate hearing loss with ringing due to other congenital anomalies 579 6

Moderately severe hearing loss due to other congenital anomalies 584 6

Moderately severe hearing loss with ringing due to other congenital anomalies 585 6

Severe hearing loss due to other congenital anomalies 581 6

Severe hearing loss with ringing due to other congenital anomalies 580 6

Profound hearing loss due to other congenital anomalies 586 6

Profound hearing loss with ringing due to other congenital anomalies 587 6

Complete hearing loss due to other congenital anomalies 582 6

Complete hearing loss with ringing due to other congenital anomalies 583 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Other congenital birth defects 5162 5

Urinary diseases and male infertility 594 3

Urinary tract infections 595 4

Urinary tract infections 6929 5

Mild urinary tract infections 510 6

Moderate urinary tract infections 511 6

Urolithiasis 596 4

Urolithiasis episodes 22823 5

Mild urolithiasis episodes 4631 6

Moderate urolithiasis episodes 4634 6

Severe urolithiasis episodes 4637 6

Benign prostatic hyperplasia 597 4

Benign prostatic hyperplasia 6212 5

Asymptomatic benign prostatic hyperplasia 965 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Symptomatic benign prostatic hyperplasia 966 6

Male infertility 598 4

Male infertility 22826 5

Idiopathic primary male infertility 514 6

Idiopathic secondary male infertility 515 6

Other urinary diseases 602 4

Other urinary diseases 516 5

Gynecological diseases 603 3

Uterine fibroids 604 4

Uterine fibroids 22829 5

Asymptomatic uterine fibroids 967 6

Mild abdominal pain due to uterine fibroids, without anemia 1109 6

Mild abdominal pain due to uterine fibroids, with mild anemia 1106 6

Mild abdominal pain due to uterine fibroids, with moderate anemia 1107 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild abdominal pain due to uterine fibroids, with severe anemia 1108 6

Polycystic ovarian syndrome 605 4

Polycystic ovarian syndrome 22832 5

Asymptomatic polycystic ovarian syndrome 855 6

Hirsutism and primary infertility due to polycystic ovarian syndrome 857 6

Hirsutism and secondary infertility due to polycystic ovarian syndrome 939 6

Hirsutism due to polycystic ovarian syndrome 856 6

Primary infertility due to polycystic ovarian syndrome 517 6

Secondary infertility due to polycystic ovarian syndrome 940 6

Female infertility 606 4

Female infertility 22835 5

Idiopathic primary female infertility 518 6

Idiopathic secondary female infertility 519 6

Endometriosis 607 4

998



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Endometriosis 22838 5

Asymptomatic endometriosis 832 6

Mild abdominal pain due to endometriosis 520 6

Moderate abdominal pain due to endometriosis 521 6

Severe abdominal pain due to endometriosis 941 6

Mild abdominal pain and primary infertility due to endometriosis 878 6

Mild abdominal pain and secondary infertility due to endometriosis 881 6

Moderate abdominal pain and primary infertility due to endometriosis 879 6

Moderate abdominal pain and secondary infertility due to endometriosis 882 6

Primary infertility due to endometriosis 522 6

Secondary infertility due to endometriosis 523 6

Severe abdominal pain and primary infertility due to endometriosis 880 6

Severe abdominal pain and secondary infertility due to endometriosis 883 6

Genital prolapse 608 4
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Genital prolapse 6395 5

Asymptomatic genital prolapse 858 6

Abdominal pain due to genital prolapse 859 6

Stress incontinence due to genital prolapse 860 6

Abdominal pain and stress incontinence due to genital prolapse 861 6

Premenstrual syndrome 609 4

Premenstrual syndrome 6764 5

Abdominal pain due to premenstrual syndrome 524 6

Depression due to premenstrual syndrome 700 6

Asymptomatic premenstrual syndrome 853 6

Abdominal pain and depression due to premenstrual syndrome 854 6

Other gynecological diseases 612 4

Other gynecological diseases 6686 5

Asymptomatic other gynecological disorders 843 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Menstrual disorders without anemia 5558 6

Mild other gynecological disorders 844 6

Moderate other gynecological disorders 845 6

Severe other gynecological disorders 846 6

Other gynecological diseases with anemia 6689 5

Mild anemia due to menstrual disorders 525 6

Moderate anemia due to menstrual disorders 526 6

Severe anemia due to menstrual disorders 527 6

Hemoglobinopathies and hemolytic anemias 613 3

Thalassemias 614 4

Thalassemias 6881 5

Mild heart failure due to thalassemias 528 6

Moderate heart failure due to thalassemias 529 6

Severe heart failure due to thalassemias 530 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Beta-thalassemia major, severe infection with severe anemia 1060 6

Beta-thalassemia major, with mild anemia 1061 6

Beta-thalassemia major, with moderate anemia 1062 6

Beta-thalassemia major, with severe anemia 1063 6

Hemoglobin E/beta-thalassemia, severe infection with severe anemia 1064 6

Hemoglobin E/beta-thalassemia, with mild anemia 1065 6

Hemoglobin E/beta-thalassemia, with moderate anemia 1066 6

Hemoglobin E/beta-thalassemia, with severe anemia 1067 6

Hemoglobin H disease, severe infection with severe anemia 1068 6

Hemoglobin H disease, with mild anemia 1069 6

Hemoglobin H disease, with moderate anemia 1070 6

Hemoglobin H disease, with severe anemia 1071 6

Hemoglobin H disease, without anemia 1113 6

Beta-thalassemia major, without anemia 1114 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Hemoglobin E/Beta-thalassemia, without anemia 1115 6

Controlled, medically managed heart failure due to thalassemias 5789 6

Thalassemias trait 837 4

Thalassemia trait 22841 5

Asymptomatic B-thalassemia trait 1050 6

Mild anemia due to B-thalassemia trait 645 6

Moderate anemia due to B-thalassemia trait 646 6

Severe anemia due to B-thalassemia trait 647 6

Asymptomatic hemoglobin E trait 1051 6

Mild anemia due to hemoglobin E trait 648 6

Moderate anemia due to hemoglobin E trait 649 6

Severe anemia due to hemoglobin E trait 650 6

Sickle cell disorders 615 4

Sickle cell disorders 6791 5
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Homozygous sickle cell and severe sickle cell/beta-thalassemia, without anemia 1072 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with vaso-occlusive crisis, without anemia 1073 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with vaso-occlusive crisis and severe anemia 1074 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with stroke and severe anemia 1075 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with stroke, without anemia 1076 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with vaso-occlusive crisis, stroke, and severe anemia 1077 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with vaso-occlusive crisis and stroke, without anemia 1078 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with mild anemia 1079 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with moderate anemia 1080 6

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with severe anemia 1081 6

Hemoglobin SC disease, without anemia 1082 6

Hemoglobin SC disease, with vaso-occlusive crisis and severe anemia 1083 6

Hemoglobin SC disease, with vaso-occlusive crisis, without anemia 1084 6

Hemoglobin SC disease, with stroke and severe anemia 1085 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Hemoglobin SC disease, with stroke, without anemia 1086 6

Hemoglobin SC disease, with vaso-occlusive crisis, stroke, and severe anemia 1087 6

Hemoglobin SC disease, with vaso-occlusive crisis and stroke, without anemia 1088 6

Hemoglobin SC disease, with mild anemia 1089 6

Hemoglobin SC disease, with moderate anemia 1090 6

Hemoglobin SC disease, with severe anemia 1091 6

Mild sickle cell/beta-thalassemia, without anemia 1092 6

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis and severe anemia 1093 6

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis, without anemia 1094 6

Mild sickle cell/beta-thalassemia, with stroke and severe anemia 1095 6

Mild sickle cell/beta-thalassemia, with stroke, without anemia 1096 6

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis, stroke, and severe anemia 1097 6

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis and stroke, without anemia 1098 6

Mild sickle cell/beta-thalassemia, with mild anemia 1099 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Mild sickle cell/beta-thalassemia, with moderate anemia 1100 6

Mild sickle cell/beta-thalassemia, with severe anemia 1101 6

Sickle cell trait 838 4

Sickle cell trait 6794 5

Asymptomatic sickle cell trait 1052 6

Mild anemia due to sickle cell trait 651 6

Moderate anemia due to sickle cell trait 652 6

Severe anemia due to sickle cell trait 653 6

G6PD deficiency 616 4

G6PD deficiency 6374 5

Asymptomatic G6PD deficiency 1126 6

Mild anemia due to G6PD deficiency 1120 6

Moderate anemia due to G6PD deficiency 1121 6

Severe anemia due to G6PD deficiency 1122 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Controlled, medically managed heart failure due to G6PD deficiency 5747 6

Mild heart failure due to G6PD deficiency 1123 6

Moderate heart failure due to G6PD deficiency 1124 6

Severe heart failure due to G6PD deficiency 1125 6

G6PD trait 839 4

G6PD trait 6377 5

Asymptomatic hemizygous G6PD trait 1053 6

Mild anemia due to hemizygous G6PD trait 654 6

Moderate anemia due to hemizygous G6PD trait 655 6

Severe anemia due to hemizygous G6PD trait 656 6

Other hemoglobinopathies and hemolytic anemias 618 4

Other hemoglobinopathies and hemolytic anemias 5876 5

Controlled, medically managed heart failure due to other hemoglobinopathies and hemolytic anemias 5762 6

Mild anemia due to other hemoglobinopathies and hemolytic anemias 531 6
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate anemia due to other hemoglobinopathies and hemolytic anemias 532 6

Severe anemia due to other hemoglobinopathies and hemolytic anemias 533 6

Mild heart failure due to other hemoglobinopathies and hemolytic anemias 534 6

Moderate heart failure due to other hemoglobinopathies and hemolytic anemias 535 6

Severe heart failure due to other hemoglobinopathies and hemolytic anemias 536 6

Other hemoglobinopathies and hemolytic anemias residual 789 6

Endocrine, metabolic, blood, and immune disorders 619 3

Anemia due to endocrine, metabolic, blood, and immune disorders 6146 5

Mild anemia due to endocrine, metabolic, blood, and immune disorders 537 6

Moderate anemia due to endocrine, metabolic, blood, and immune disorders 538 6

Severe anemia due to endocrine, metabolic, blood, and immune disorders 539 6

Endocrine, metabolic, blood, and immune disorders 6356 5

Asymptomatic endocrine, metabolic, blood, and immune disorders 904 6

Mild endocrine, metabolic, blood, and immune disorders 905 6
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GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Moderate endocrine, metabolic, blood, and immune disorders 906 6

Severe endocrine, metabolic, blood, and immune disorders 907 6

Heart failure due to endocrine, metabolic, blood, and immune disorders 6431 5

Controlled, medically managed heart failure due to endocrine, metabolic, blood, and immune disorders 5744 6

Mild heart failure due to endocrine, metabolic, blood, and immune disorders 540 6

Moderate heart failure due to endocrine, metabolic, blood, and immune disorders 541 6

Severe heart failure due to endocrine, metabolic, blood, and immune disorders 542 6

Oral disorders 680 3

Caries of deciduous teeth 681 4

Caries of deciduous teeth 6230 5

Asymptomatic caries of deciduous teeth 943 6

Pain due to caries of deciduous teeth 662 6

Caries of permanent teeth 682 4

Caries of permanent teeth 6233 5

1009



Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Asymptomatic caries of permanent teeth 944 6

Pain due to caries of permanent teeth 663 6

Periodontal diseases 683 4

Chronic periodontal diseases 936 5

Edentulism and severe tooth loss 684 4

Edentulism and severe tooth loss 6335 5

Asymptomatic edentulism and severe tooth loss 945 6

Difficulty eating due to edentulism and severe tooth loss 664 6

Other oral disorders 685 4

Other oral disorders 6710 5

Mild other oral disorders 1048 6

Severe other oral disorders 1049 6

Sudden infant death syndrome 686 3

Injuries 687 1
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GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Transport injuries 688 2

Road injuries 689 3

Pedestrian road injuries 690 4

Cyclist road injuries 691 4

Motorcyclist road injuries 692 4

Motor vehicle road injuries 693 4

Other road injuries 694 4

Other transport injuries 695 3

Unintentional injuries 696 2

Falls 697 3

Drowning 698 3

Fire, heat, and hot substances 699 3

Poisonings 700 3

Poisoning by carbon monoxide 701 4
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Cause or Sequela Name (Causes in bold) GBD ID Level

GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Poisoning by other means 703 4

Exposure to mechanical forces 704 3

Unintentional firearm injuries 705 4

Other exposure to mechanical forces 707 4

Adverse effects of medical treatment 708 3

Animal contact 709 3

Venomous animal contact 710 4

Non-venomous animal contact 711 4

Foreign body 712 3

Pulmonary aspiration and foreign body in airway 713 4

Foreign body in eyes 714 4

Foreign body in other body part 715 4

Environmental heat and cold exposure 842 3

Exposure to forces of nature 729 3
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GBD 2017 Cause and Sequela Hierarchy

Level 5 Sequelae are nested under causes. Most detailed sequelae are nested under their parent sequela where they exist

Other unintentional injuries 716 3

Self-harm and interpersonal violence 717 2

Self-harm 718 3

Self-harm by firearm 721 4

Self-harm by other specified means 723 4

Interpersonal violence 724 3

Physical violence by firearm 725 4

Physical violence by sharp object 726 4

Sexual violence 941 4

Physical violence by other means 727 4

Conflict and terrorism 945 3

Executions and police conflict 854 3
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HIV/AIDS
B20-B23.8, B24-B24.0, B97.81, C46-
C46.52, C46.7-C46.9, O98.7-O98.73, 

Z11.4, Z20.6, Z21, Z22.6, Z83.0
042-044.9, 176-176.9, V08

HIV/AIDS - Drug-susceptible Tuberculosis B20.0
HIV/AIDS - Multidrug-resistant Tuberculosis 

without extensive drug resistance
HIV/AIDS - Extensively drug-resistant 

Tuberculosis

HIV/AIDS resulting in other diseases B20.1-B23.8, B24-B24.0, B97.81, C46-
C46.52, C46.7-C46.9

176-176.9

Sexually transmitted infections excluding HIV
A50-A60.9, A63-A64.0, B63, I98.0, K67.0-

K67.2, M73.0-M73.8, N70-N71.9, N73-
N74, N74.2-N74.8, Z11.3, Z20.2, Z22.4

054.1, 054.11-054.19, 090-099.9, 131-
131.9, 613-615.9, V01.6, V02.7-V02.9, 
V73.8, V73.88, V73.9-V73.98, V74.5-

Syphilis A50-A53.9, I98.0, K67.2, M73.1-M73.8 A51-A52.9, I98.0 090-097.9 091-095.9

Chlamydial infection A55-A56.8, K67.0, N74.4 099.41, 099.5

Gonococcal infection A54-A54.9, K67.1, M73.0, N74.3 098-098.9

Trichomoniasis A59-A59.9 131-131.9

Genital herpes A60-A60.9 054.1, 054.11-054.19

Other sexually transmitted infections A57-A58, A63-A64.0, B63, N70-N71.9, 
N73-N74, N74.2, N74.8

099-099.40, 099.49, 099.50-099.9, 613-
615.9

Tuberculosis
A10-A14, A15    -A18.89, A19-A19.9, 

B90-B90.9, K67.3, K93.0, M49.0, N74.0-
N74.1, P37.0, U84.3, Z03.0, Z11.1, Z20.1, 

010-019.9, 137-137.9, 320.4, 730.4-730.6, 
V01.1, V03.2, V12.01, V74.1

Latent tuberculosis infection

Drug-susceptible tuberculosis
A10-A14, A15    -A18.89, A19-A19.9, 

B90-B90.9, K67.3, K93.0, M49.0, N74.0-
N74.1, P37.0

010-019.9, 137-137.9, 320.4, 730.4-730.6

Multidrug-resistant tuberculosis without extensive 
drug resistance

U84.3

Extensively drug-resistant tuberculosis

Lower respiratory infections

A48.1, A70, B96.0-B96.1, B97.21, B97.4-
B97.6, J09-J18.2, J18.8-J18.9, J19.6-

J22.9, J85.1, P23-P23.9, U04                         
-U04.9, Z25.1

A48.1, A70, B96.0-B97.6, J09-J22.9, 
J85.1, P23-P23.9, U04 -

U04.9

079.82, 466-469, 470.0, 480-484, 484.1-
490.9, 510-511.9, 513.0-513.9, 770.0, 

V01.82, V04.7, V04.81, V12.61

079.82, 466-470.0, 480-484, 484.1-490.9, 
510-513.9, 770.0, V12.61

Upper respiratory infections

Otitis media H65-H70.93 H65-H71.93 381-383.9 381.0-382.3, 385.3-385.82

Diarrheal diseases A00-A00.9, A02-A07, A07.2-A07.4, A08-
A08.8, A09, Z22.1, Z23.0

A00-A00.9, A02-A09 001-001.9, 003.8-009.9, V01.0, V01.83, 
V02.0, V02.2-V02.3, V03.0, V74.0

001-001.9, 003.8-009.9

Typhoid fever A01.0-A01.09 002.0

Paratyphoid fever A01.1-A01.4 002.1-002.9

Other intestinal infectious diseases

Malaria B50-B50.0, B50.8-B52.0, B52.8-B53.1, 
B53.8-B54.0, P37.3-P37.4

084-084.9, V12.03, V75.1

Chagas disease B57-B57.5, K93.1 086-086.2, 425.6

Leishmaniasis B55-B55.9, Z26.0 085-085.9, V05.2, V75.2

Visceral leishmaniasis B55.0 085.0

Cutaneous and mucocutaneous leishmaniasis B55.1-B55.2 085.1-085.5

African trypanosomiasis B56-B56.9 086.3-086.9, V75.3

Schistosomiasis B65-B65.9 120-120.9, V75.5

Cysticercosis B69-B69.9 123.1

Cystic echinococcosis B67-B67.4, B67.8-B67.99 122-122.4, 122.8-122.9

Lymphatic filariasis B74-B74.2 125.0-125.2

Onchocerciasis B73-B73.1 125.3

Trachoma A71-A71.9, A74.0, B94.0 076-076.9, V73.6

Dengue A90-A91.0 061-061.8

Yellow fever A95-A95.9, Z24.3 060-060.9, V04.4, V73.4

Rabies A82-A82.9, Z20.3, Z24.2 071-071.9, V01.5, V04.5

Intestinal nematode infections B76-B77.9, B79, Z11.6 126-126.9, 127.0, 127.3, V75.7

Ascariasis B77-B77.9 127.0

Trichuriasis B79 127.3

Hookworm disease B76-B76.9 126-126.9

Food-borne trematodiases B66-B66.9, B72.0 121-121.9, V75.6

Leprosy A30-A30.9, B92 030-030.9, V74.2

Ebola A98.4

Zika virus U06-U06.9 066.3

Guinea worm disease B72

Other neglected tropical diseases

A68-A68.9, A69.2-A69.29, A69.8-A69.9, 
A75-A75.9, A77-A79.9, A92-A94.0, A96-
A96.9, A98-A98.3, A98.5-A99.0, B33.0-

B33.1, B60-B60.8, B64, B67.5-B67.7, 
B68-B68.9, B70-B71.9, B74.3-B75, B78-

B78.9, B80-B83.9, B89, P37.1

065-066.2, 066.4-066.9, 080-083.9, 087-
088.9, 122.5-122.7, 123-123.0, 123.2-125, 

125.4-125.9, 127, 127.1-127.2, 127.4-
129.0, V73.5, V75.8

Meningitis A39-A39.9, A87-A87.9, D86.81, G00-
G03.9, G06-G09.9, Z20.811, Z22.31

A39-A39.9, A87-A87.9, G00-G03.9 036-036.9, 047-049.9, 054.72, 320-320.3, 
320.5-322.9, 324-326.9, V01.84

036-036.9, 047-049.9, 054.72, 320-320.3, 
320.5-322.9

Pneumococcal meningitis G00.1 320.1

H influenzae type B meningitis G00.0 320.0

Meningococcal meningitis A39-A39.9 036-036.9, 320.5

Other meningitis A87-A87.9, D86.81, G03-G03.9 047-049.9, 054.72, 321-322.9
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Encephalitis A83-A85.2, A85.8-A86.0, B94.1, F07.1, 
G04-G05.8, Z24.1

A83-A86.0, B94.1, F07.1, G04-G05.8 062-064.9, 310.89, 323-323.9, V05.0-
V05.1

062-064.9, 310.89, 323-323.9

Diphtheria A36-A36.9, Z22.2, Z23.6 032-032.9, V02.4, V03.5, V74.3

Whooping cough A37-A37.91, Z23.7 033-033.9, V03.6

Tetanus A33-A35.0, Z23.5 037-037.9, 771.3, V03.7

Measles B05-B05.9, Z24.4 055-055.9, 484.0, V04.2, V73.2

Varicella and herpes zoster B01-B02.9, Z20.820 052-053.9, V01.71-V01.79, V05.4

Acute hepatitis B15-B19.9, B94.2, P35.3, Z20.5, Z22.5-
Z22.59, Z24.6

070-070.9, V02.6-V02.69, V05.3

Acute hepatitis A B15-B15.9 070.0-070.1

Acute hepatitis B B16-B16.9, B17.0, B18.0-B18.1, B19.1-
B19.11

070.2-070.31, 070.42, 070.52

Acute hepatitis C B17.1-B17.11, B18.2, B19.2-B19.21 070.41, 070.44, 070.51, 070.7-070.71

Acute hepatitis E B17.2 070.43, 070.53

Other unspecified infectious diseases

A20-A28.9, A31-A32.9, A38-A38.9, A42-
A44.9, A48-A48.0, A48.2-A49.9, A65-
A65.0, A69-A69.1, A74, A74.8-A74.9, 

A81-A81.9, A88-A89.0, B00-B00.9, B03-
B04, B06-B06.9, B10-B10.89, B25-

B27.99, B33, B33.3-B34.9, B37-B37.2, 
B37.5-B47.1, B47.9-B49, B58-B59, B94, 
B94.8-B96, B96.2-B97.2, B97.29-B97.39, 
B97.7-B97.8, B97.89, B99-B99.9, G14-
G14.6, I00, I02, I02.9, I96-I96.9, I98.1, 

J85-J85.0, J85.2-J85.3, J86-J86.9, K75.0, 
K75.3, K76.3, M49.1, M89.6-M89.69, P35-

P35.2, P35.8-P35.9, P37, P37.2, P37.5-
P37.9, R02-R02.9, U82-U84, U85-U89, 
Z11, Z11.2, Z11.5-Z11.59, Z11.8-Z11.9, 
Z16-Z16.39, Z20, Z20.4, Z20.7-Z20.810, 
Z20.818-Z20.82, Z20.828-Z20.9, Z22-
Z22.0, Z22.3, Z22.32-Z22.39, Z22.8-

Z22.9, Z23.3-Z23.4, Z24.0, Z24.5, Z25.0,

020-029, 031-031.9, 034-034.9, 039-
039.4, 039.8-040, 040.1-041.9, 046-046.9, 

050-051.9, 054-054.0, 054.10, 054.2-
054.71, 054.73-054.9, 056-059.9, 072-
074.1, 074.20, 074.3-075.9, 078, 078.2-
079.81, 079.83-079.99, 100-101.6, 104-

104.9, 112-112.0, 112.3-118.9, 130-130.9, 
136-136.0, 136.2-136.9, 138.0-139.9, 390-

390.9, 392, 392.9, 572.0-572.1, 771.0-
771.2, V01, V01.2-V01.4, V01.7, V01.8-

V01.81, V01.89-V02, V02.1, V02.5-
V02.59, V03.1, V03.3-V03.4, V03.8, 
V03.9-V04.1, V04.3, V04.6, V04.8, 

V04.89-V05, V05.8-V07.0, V07.2-V07.3, 
V09-V09.91, V12.00, V12.02, V12.04-
V12.09, V18.8, V58.62, V73.0-V73.1, 

V73.3, V73.81, V73.89, V73.99, V74.8-
V75.0, V75.4, V75.9

Maternal hemorrhage
O20-O20.9, O43.2-O43.239, O44-O44.00, 
O44.03-O46.93, O62.2, O67-O67.9, O72-

O72.3

O20-O20.9, O43.2-O43.239, O44-O44.00, 
O44.03-O46.93, O62.2-O62.2, O67-

O67.9, O72-O72.3
640-641.93, 661.2-661.23, 666-666.9 640-641.93, 661.2-661.23, 666-666.9

Maternal sepsis and other maternal infections O23-O23.93, O41.1-O41.93, O85-O86.89, 
O91-O91.23

O23-O23.93, O41.1-O41.93, O85-O86.89, 
O91-O91.23

646.5-646.64, 658.4-658.93, 659.2-
659.33, 670-670.9, 672-672.04, 674.1-

674.34, 675-675.94

646.5-646.64, 658.4-658.93, 659.2-
659.33, 670-670.9, 672-672.04, 674.1-

674.34, 675-675.94
Maternal hypertensive disorders O10-O16.9 O11-O16.9 642-642.94 642-642, 642.3-642.94

Maternal obstructed labor and uterine rupture O64-O66.9, O70-O71.9, O83-O84.9 N82-N82.9, O64-O66.9, O70-O71.9, O83-
O84.9

652.7-652.73, 653-653.93, 659.0-659.13, 
660-660.93, 664-665.94, 669.5-669.61

619-619.9, 652.7-652.73, 653-653.93, 
659.0-659.13, 660-660.93, 664-665.94, 

669.5-669.61
Ectopic pregnancy O00-O00.9 O00-O00.9 633-633.91 633-633.91

Other maternal disorders
O29-O29.93, O36.2-O36.23, O36.8-

O36.8999, O74-O74.9, O82-O82.9, O88-
O89.9, O90.3

655.7-655.83, 656.8-656.9, 659.7-659.83, 
668-668.94, 669.7-669.71, 673-673.9, 

674.5-674.54, 678.0, 678.01-678.1, 

Neonatal preterm birth P07.2-P07.39, P22-P22.9, P25-P28.9, 
P61.2, P77-P77.9

P05-P07.39 765.21-765.9, 769-770, 770.2-770.9, 
776.6, 777.5-777.53

764-765.9

Neonatal encephalopathy due to birth asphyxia and 
trauma

P02-P03.9, P10-P15.9, P20-P21.9, P24-
P24.9, P90-P91.9

P02-P03.9, P10-P21.9, P24-P24.9, P52-
P52.9, P90-P91.9

761.7-763.9, 767-768, 768.2-768.9, 779.0-
779.2

761.7-763.9, 767.0-768.9, 772.1-772.2, 
779.0-779.2

Neonatal sepsis and other neonatal infections P36-P36.9, P38-P39.9 K29.0-K29.00, K29.1-K29.20, P36-P36.9, 
P38-P39.9, P77-P78.1

771, 771.4-771.89 535.0-535.00, 535.3-535.30, 771, 771.4-
771.89, 777.5-777.7

Hemolytic disease and other neonatal jaundice P55-P59.9 773-774.9

Other neonatal disorders

P00-P01.9, P04-P05.9, P07-P07.18, P08-
P09, P19-P19.9, P29-P29.9, P50-P54.9, 

P60-P61.1, P61.3-P61.9, P70-P72.9, P74-
P74.9, P75.0-P76.9, P78-P78.9, P80-

P81.9, P83-P84, P92-P92.9, P94-P94.9, 
P96, P96.3-P96.9, P99.9

655.3-655.63, 760-761.6, 764-765.20, 766-
766.9, 771.9-772.9, 775-775.1, 775.4-
776.5, 776.7-777.4, 777.6-779, 779.3-

779.5, 779.7-779.9

Protein-energy malnutrition E40-E46.9, E64.0 260-263.9

Iodine deficiency E00-E02 244.2

Vitamin A deficiency E50-E50.9, E64.1 264-264.9

Dietary iron deficiency D50-D50.9 280-280.9

Other nutritional deficiencies D51-D53.9, E51-E61.9, E63-E64, E64.2-
E64.9

265-269.9, 273-273.9, 281-281.2

Lip and oral cavity cancer C00-C07, C08-C08.9, Z85.81-Z85.810 140-145.9, V76.42

Nasopharynx cancer C11-C11.9 147-147.9

Other pharynx cancer C09-C10.9, C12-C13.9 146-146.9, 148-148.9

Esophageal cancer C15-C15.9, Z85.01 150-150.9

Stomach cancer C16-C16.9, Z12.0, Z85.02-Z85.028 151-151.9, 209.23, V10.04

Colon and rectum cancer C18-C19.0, C20, C21-C21.8, Z12.1-
Z12.13, Z85.03-Z85.048, Z86.010

153-154.9, 209.1-209.17, V10.05-V10.06, 
V76.41, V76.5-V76.52

Liver cancer C22-C22.4, C22.7-C22.9 155-155.9

Liver cancer due to hepatitis B

Liver cancer due to hepatitis C

Liver cancer due to alcohol use

Liver cancer due to other causes

Gallbladder and biliary tract cancer C23, C24-C24.9 156-156.9

Pancreatic cancer C25-C25.9, Z85.07 157-157.9

Larynx cancer C32-C32.9, Z85.21 161-161.9, V10.21

Tracheal, bronchus, and lung cancer C33, C34-C34.92, Z12.2, Z80.1-Z80.2, 
Z85.1-Z85.20

162-162.9, 209.21, V10.1-V10.20, V16.1-
V16.2, V16.4-V16.40

Malignant skin melanoma C43-C43.9, Z85.82-Z85.828 172-172.9
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Non-melanoma skin cancer

C44.01-C44.02, C44.11-C44.129, C44.21-
C44.229, C44.31-C44.329, C44.41-
C44.42, C44.51-C44.529, C44.61-
C44.629, C44.71-C44.729, C44.81-

173.01-173.02, 173.11-173.12, 173.21-
173.22, 173.31-173.32, 173.41-173.42, 
173.51-173.52, 173.60-173.62, 173.71-
173.72, 173.81-173.82, 173.91-173.92

Non-melanoma skin cancer (squamous-cell 
carcinoma)

C44.02, C44.12-C44.129, C44.22-
C44.229, C44.32-C44.329, C44.42, 
C44.52-C44.529, C44.62-C44.629, 
C44.72-C44.729, C44.82, C44.92

C44.02, C44.12-C44.129, C44.22-
C44.229, C44.32-C44.329, C44.42, 
C44.52-C44.529, C44.62-C44.629, 
C44.72-C44.729, C44.82, C44.92

173.02, 173.12, 173.22, 173.32, 173.42, 
173.52, 173.62, 173.72, 173.82, 173.92

173.02, 173.12, 173.22, 173.32, 173.42, 
173.52, 173.62, 173.72, 173.82, 173.92

Non-melanoma skin cancer (basal-cell carcinoma)

C44.01, C44.11-C44.119, C44.21-
C44.219, C44.31-C44.319, C44.41, 
C44.51-C44.519, C44.61-C44.619, 
C44.71-C44.719, C44.81, C44.91

C44.01, C44.11-C44.119, C44.21-
C44.219, C44.31-C44.319, C44.41, 
C44.51-C44.519, C44.61-C44.619, 
C44.71-C44.719, C44.81, C44.91

173.01, 173.11, 173.21, 173.31, 173.41, 
173.51, 173.60-173.61, 173.71, 173.81, 

173.91

173.01, 173.11, 173.21, 173.31, 173.41, 
173.51, 173.60-173.61, 173.71, 173.81, 

173.91

Breast cancer C50-C50.629, C50.8-C50.929, Z12.3-
Z12.39, Z80.3, Z85.3, Z86.000

174-175.9, V10.3, V16.3

Cervical cancer C53-C53.9, Z12.4, Z85.41 180-180.9, V10.41, V72.32

Uterine cancer C54-C54.3, C54.8-C54.9, Z85.42, 
Z86 001

182-182.9

Ovarian cancer C56-C56.2, C56.9, Z80.41, Z85.43 183-183.0, 183.8-183.9, V10.43, V16.41

Prostate cancer C61-C61.9, Z12.5, Z80.42, Z85.46 185-185.9, V10.46, V16.42, V76.44

Testicular cancer C62-C62.92, Z80.43, Z85.47-Z85.48 186-186.9, V10.47-V10.48, V16.43

Kidney cancer C64-C64.2, C64.9-C65.9, Z80.51, Z85.52-
Z85.54

189-189.1, 189.5-189.6, 209.24

Bladder cancer C67-C67.9, Z12.6-Z12.79, Z80.52, Z85.51 188-188.9, V10.51, V16.52, V76.3

Brain and nervous system cancer C70-C70.1, C70.9-C72.9, Z85.841-
Z85.848, Z86.011

191-191.9

Thyroid cancer C73, Z85.850 193-193.9

Mesothelioma C45-C45.2, C45.7, C45.9

Hodgkin lymphoma C81-C81.49, C81.7-C81.79, C81.9-
C81.99, Z85.71-Z85.72

201-201.98, V10.72

Non-Hodgkin lymphoma C82-C85.29, C85.7-C86.6, C96-C96.9 200-200.9, 202-202.98

Multiple myeloma C88-C90.32 203-203.9

Leukemia C91-C93.7, C93.9-C95.2, C95.7-C95.92, 
Z80.6, Z85.6

204-208.92, V10.59-V10.69, V16.6

Acute lymphoid leukemia C91.0-C91.02 204.0-204.02

Chronic lymphoid leukemia C91.1-C91.12 204.1-204.12

Acute myeloid leukemia C92.0-C92.02, C92.3-C92.62, C93.0-
C93.02, C94.0-C94.02, C94.2-C94.22, 

205.0-205.02, 205.3-205.32, 206.0-
206.02, 207.0

Chronic myeloid leukemia C92.1-C92.12 205.1-205.12, 206.1-206.12, 207.1

Other leukemia

Other neoplasms

Rheumatic heart disease I01-I01.9, I02.0, I05-I09.9 I01-I09.9 391-391.9, 392.0, 393-398.99 391-398.99

Ischemic heart disease I20-I21.6, I21.9-I25.9, Z82.4-Z82.49 I20-I25.9 410-414.9, V17.3 410-414.9

Stroke G45-G46.8, I60-I62, I62.9-I64, I64.1, I65-
I69.998, Z82.3

430-439.6, V12.54, V17.1

Ischemic stroke G45-G46.8, I63-I63.9, I65-I66.9, I67.2-
I67.848, I69.3-I69.4

I63-I63.9 433-435.9, 437.0-437.2, 437.4-437.9 434-434.91

Intracerebral hemorrhage I60-I62, I62.9, I67.0-I67.1, I69.0-I69.298 I60-I62.9, I67.0-I67.1 430-432.9, 437.3 430-432.9, 437.3-437.3

Hypertensive heart disease I11-I11.2, I11.9 402-402.91

Cardiomyopathy and myocarditis B33.2-B33.20, B33.22-B33.24, D86.85, 
I40-I41.8, I42-I43.8, I51.4-I51.6

074.2, 074.23, 422-422.99, 425-425.5, 
425.7-425.9, 429.0-429.1

Myocarditis B33.2-B33.20, B33.22-B33.24, D86.85, 
I40-I41.8, I51.4-I51.6

B33.2-B33.20, B33.22-B33.24, I40-I41.8, 
I51.4-I51.6

074.2, 074.23, 422-422.99, 429.0-429.1 074.2, 074.23, 422-422.99, 429.0-429.1

Alcoholic cardiomyopathy I42.6 425.5

Other cardiomyopathy I42.0-I42.5, I42.7 425.0-425.18, 425.3, 425.8-425.9

Atrial fibrillation and flutter I48-I48.92 I48-I48.92 427.3-427.32 427.3-427.32

Peripheral artery disease I70.2-I70.92, I73-I73.9 I70.2-I73.9 440.2-440.29, 440.4-440.9, 443-443.2, 
443.8-443.9

440.2-440.29, 440.4-443.9

Endocarditis B33.21, I33-I33.9, I38-I38.0, I39-I39.9 A32.82, B33.21, B37.6, I33-I39.9 074.22, 421-421.9, 424, 424.4-424.99 074.22, 112.81-115.94, 421-421.9, 424-
424.99

Other cardiovascular and circulatory diseases

I30-I32.8, I34-I37.9, I51-I51.3, I51.7-
I52.8, I62.0-I62.1, I72-I72.9, I77-I83.93, 
I86-I89.0, I89.9, I95.0-I95.1, I98, I98.8-

I99.9, K75.1

074.21, 417-417.9, 420-420.99, 423-
423.9, 424.0-424.3, 429, 429.2-429.9, 442-

442.9, 443.21-443.29, 447-454.9, 456, 
456.3-457, 457.1, 457.8-458.1, 459-459.9

Chronic obstructive pulmonary disease J41-J42.4, J43-J44.9 J41-J44.9 491-492.9, 496-499 491-492.9, 496-499

Pneumoconiosis J60-J65.0, J92.0 500-505.9

Silicosis J62-J62.9 J62-J62.9 502-502.9 502-502.9

Asbestosis J61-J61.0, J92.0 J61-J61.0, J92.0 501-501.9 501-501.9

Coal workers pneumoconiosis J60-J60.0 J60-J60.0 500-500.9 500-500.9

Other pneumoconiosis J63-J65.0 J63-J65.0 503-505.9 503-505.9

Asthma J45-J46.0, Z82.5 J45-J46.0 493-493.92, V17.5 493-493.92

Interstitial lung disease and pulmonary sarcoidosis D86-D86.2, D86.89-D86.9, J84-J84.9 D86-D86.2, D86.89-D86.9, J84-J84.9 135-135.9, 515, 515.9-516.9 135-135.9, 515-516.9

Other chronic respiratory diseases

J30-J39.9, J47-J47.9, J66-J68.9, J70.8-
J70.9, J82, J90-J90.0, J91-J92, J92.9-
J93.12, J93.8-J94.9, J96.1-J96.8, J98-

J99.8

470, 470.9-479, 494-495.9, 506-508.9, 
512-513, 514-514.9, 515.0, 517-518.4, 
518.7-518.81, 518.83-519.0, 519.11-
519.9, V07.1, V12.6-V12.60, V12.69, 

V13.81-V15.09, V15.84, V17.6, V19.6, 
V42.6, V43.81, V45.76, V58.74, V81.3-

Cirrhosis and other chronic liver diseases
I85-I85.9, I98.2, K70-K71, K71.3-K72, 

K72.1-K75, K75.2, K75.4-K76.2, K76.4-
K77.8, R16-R18.9, Z52.6, Z94.4

I85-I85.9, I98.2-I98.2, K70-K71, K71.3-
K72, K72.1-K77.8, R16-R18.9, Z52.6, 

Z94.4

456.0-456.21, 570-571, 571.2, 571.4-572, 
572.2-573.9, 789.1-789.59, V42.7, V59.6

456.0-456.21, 570-571, 571.2-571.2, 
571.4-573.9, 789.1-789.59, V42.7, V59.6

Cirrhosis and other chronic liver diseases due to 
hepatitis B

Cirrhosis and other chronic liver diseases due to 
hepatitis C
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Cirrhosis and other chronic liver diseases due to 
alcohol use

Cirrhosis and other chronic liver diseases due to 
other causes

Peptic ulcer disease K25-K28.9 K25-K28.9 531-534.91 531-534.91

Gastritis and duodenitis K29-K29.91 K29-K29.91 535-535.9 535-535.9

Gastroesophageal reflux disease K21-K22.719, R12 530.11-530.86, 530.89, 787.1

Appendicitis K35-K37.9 K35-K37.9 540-542.9 540-542.9

Paralytic ileus and intestinal obstruction K56-K56.9 K56-K56.9 560-560.39, 560.8-560.9, 569.87 560-560.9, 569.87

Inguinal, femoral, and abdominal hernia K40-K42.9, K44-K46.9
K29-K29, K29.3-K29.30, K29.4-K29.40, 
K29.8-K29.80, K40-K42.9, K44-K46.9

550-551.1, 551.3-552.1, 552.3-553.1, 
553.3-553.9

535-535, 535.1-535.20, 535.4-535.40, 
535.5-535.50, 535.6-535.60, 535.7-

535.70, 535.9-535.9, 550-551.1, 551.3-
552.1, 552.3-553.1, 553.3-553.9

Inflammatory bowel disease K50-K52.9, K58 K50-K51.919, K58 555-556.9, 558-558.9, 564.1, 569.5 555-556.9, 564.1

Vascular intestinal disorders K55-K55.9 K55-K55.9 557-557.9, 569.84-569.86 557-557.9, 569.84-569.86

Gallbladder and biliary diseases K80-K80.81, K81-K83.9, K87-K87.1 K80-K83.9, K87-K87.1 574-576.9 574-576.9

Pancreatitis K85-K86.9 K85-K86.9 577-577.9 577-577.9

Other digestive diseases

I84-I84.9, K21-K22.719, K38-K38.9, K57-
K57.93, K58.0-K62.6, K62.8-K67, K67.8-

K68.1, K68.12-K68.9, K71.0-K71.2, 
K72.0-K72.01, K90-K90.9, K92-K92.9, 

K93.8, R12

I84-I84.9, K21-K22.719, K38-K38.9, K57-
K57.93, K58.0-K62.6, K62.8-K67, K67.8-

K68.1, K68.12-K68.9, K71.0-K71.2, 
K72.0-K72.01, K90-K90.9, K92-K92.9, 

K93.8, R11-R15.9, R19-R85.9

455-455.9, 530.11-530.86, 530.89, 537-
538, 543-543.9, 561-562.13, 564-564.09, 

564.5-569.49, 569.81-569.83, 569.89-
569.9, 578-579.9, 787.1

455-455.9, 530.11-530.86, 530.89, 537-
538, 543-543.9, 561-564.09, 564.5-

569.49, 569.81-569.83, 569.89-569.9, 578-
579.9, 784-784.99, 787-788.99, 789.9-

792.4

Alzheimer's disease and other dementias F00-F03.91, F06.2, G30-G31.1, G31.8-
G32.89

F00-F06.2, G30-G31.1, G31.8-G32.89 290-290.9, 294.0-294.9, 331-331.2, 331.6-
331.7, 331.82, 331.89-331.9

290-290.9, 294.0-294.9, 331-331.7, 
331.82-331.9

Parkinson's disease G20-G20.9 G20-G20.9 332-332.0 332-332.0

Epilepsy G40-G41.9, Z82.0 345-345.91

Multiple sclerosis G35-G35.0 G35-G35.0 340-340.9 340-340.9

Motor neuron disease G12-G13 335-335.9

Migraine G43-G43.919 346-346.93

Tension-type headache G44.2-G44.41 307.81, 339.1-339.3

Other neurological disorders

G10-G10.0, G11-G13.8, G21-G21.0, 
G21.2-G24, G24.1-G25.0, G25.2-G25.3, 
G25.5, G25.8-G26.0, G36-G37.9, G50-
G54.1, G54.5-G62, G62.1-G65.2, G70-
G72, G72.1-G73.7, G80-G83.9, G89-

G93.6, G93.8-G95.29, G95.8-G96, G96.1, 
G96.12-G96.9, G98-G99.8, M33-M33.99, 

M60-M60.19, M60.8-M60.9, M79.7

307.8-307.80, 307.89, 330-330.9, 331.3-
331.5, 331.8, 331.83, 332.1-333.91, 

333.93-338.4, 341-344.9, 348-348.9, 350-
353.0, 353.5-357.5, 357.7-359.23, 359.29-

359.9, 710.3-710.4, 725-725.9, 728-
728.85, 728.87-728.9, 775.2, 780.96

Schizophrenia F20-F20.9, F25-F25.9 295-295.35, 295.5-295.8

Depressive disorders F32-F33.9, F34.1 296.2-296.36, 300.4, 311-311.9

Major depressive disorder F32-F33.9 296.2-296.36, 311-311.9

Dysthymia F34.1 300.4

Bipolar disorder F30-F31.9, F34.0 F30-F31.9, F34.0 296-296.16, 296.4-296.81 296-296.16, 296.4-296.81

Anxiety disorders F40-F44.9, F93-F93.2 300-300.3, 308-309.9

Eating disorders F50-F50.9 307.1, 307.5-307.59

Anorexia nervosa F50.0-F50.1 307.1

Bulimia nervosa F50.2-F50.5 307.51, 307.54

Autism spectrum disorders F84-F84.9 299-299.91

Attention-deficit/hyperactivity disorder F90-F90.9 314-314.9

Conduct disorder F91-F92.9 312-312.9

Idiopathic developmental intellectual disability F70-F79.9, Z81.0 317-319.9, V18.4

Other mental disorders

F04-F06.1, F06.3-F07.0, F08-F09.9, F21-
F24, F26-F29.9, F34, F34.8-F34.9, F38-

F39, F45-F49, F51-F52.9, F55-F55.8, F56-
F69.0, F80-F83, F85-F89.0, F93.3-F99.0, 
G47-G47.29, G47.4-G47.9, R40-R40.4, 
R45-R55.0, Z03.2, Z04.6-Z04.72, Z13.4, 

Z64, Z81, Z81.8, Z86.5-Z86.59

293-294, 295.4-295.45, 295.80-295.95, 
296.82-298.9, 300.5-302.9, 306-307.0, 
307.2-307.49, 307.6-307.7, 307.9, 310-

310.1, 313-313.9, 316-316.9, 327-327.19, 
327.3-327.8, 347-347.9, 780-780.2, 

780.93, 780.97, 797-797.9, 799.2-799.29, 
V11.0-V11.2, V11.4-V12.0, V17-V17.0, 

Alcohol use disorders F10-F10.99, G31.2, R78.0, X45-X45.9, 
X65-X65.9, Y15-Y15.9, Z81.1

291-291.9, 303-303.93, 305-305.03, 571.0-
571.1, 571.3, 790.3, E860-E860.19, V11.3

Drug use disorders F11-F19.99, P96.1, R78.1-R78.9, Z81.2-
Z81.4

292-292.9, 304-304.93, 305.1-305.93, 
E850.0-E850.29, V15.8-V15.83, V15.85-

Opioid use disorders F11-F11.99, R78.1 304.0-304.03, 305.5-305.53, E850.0-
E850 29

Cocaine use disorders F14-F14.99, R78.2 304.2-304.23, 305.2-305.23, 305.6-305.63

Amphetamine use disorders F15-F15.99 304.4-304.43, 305.7-305.73

Cannabis use disorders F12-F12.99 304.3-304.33

Other drug use disorders F13-F13.99, F16-F19.99, P96.1, R78.3-
R78.9

292-292.9, 304, 304.1-304.13, 304.5-
304.93, 305.1-305.13, 305.3-305.43, 

Diabetes mellitus
E08-E08.11, E08.3-E08.9, E12-E12.1, 

E12.3-E13.11, E13.3-E14.1, E14.3-E14.9, 
R73-R73.9

E08-E08.11, E08.3-E08.9, E10-E11.1, 
E11.3-E12.1, E12.3-E13.11, E13.3-E14.1, 

E14.3-E14.9

249-249.31, 249.5-249.91, 362.01-362.07, 
790.2-790.29

249-249.31, 249.5-250.39, 250.5-250.99, 
362.01-362.07

Chronic kidney disease

E08.2-E08.29, E12.2, E13.2-E13.29, 
E14.2, I12-I13.9, N02-N08.8, N18-N19, 
Q60-Q63.2, Q63.8-Q63.9, Q64.2-Q64.9, 

Z49-Z49.32, Z52.4, Z99.2

249.4-249.41, 403-404.93, 581-587.9, 
753.0-753.4, 753.6-753.9, V13.03-

V13.09, V18.6, V18.69, V42.0, V45.1-
V45.12, V45.73, V56-V56.8, V59.4, 

Chronic kidney disease due to hypertension I12-I13.9 403-404.93

Chronic kidney disease due to glomerulonephritis N03-N06.9, N08-N08.8 581-583.9
Chronic kidney disease due to other and unspecified 

causes
N02-N02.9, N07-N07.9, Q60-Q63.2, 

Q63.8-Q63.9, Q64.2-Q64.9
753.0-753.4, 753.6-753.9

Acute glomerulonephritis N00-N01.9 N00-N01.9 580-580.9 580-580.9

Skin and subcutaneous diseases
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Dermatitis

Psoriasis

Cellulitis L03-L03.91, M72.5-M72.6 L03-L03.91, M72.5-M72.6 681-682.9, 728.86 681-682.9, 728.86

Pyoderma
A46-A46.0, A66-A67.3, A67.9, I89.1-
I89.8, L00-L02.93, L04-L05.92, L08-

L08.9, L30.3-L30.4, L88, L97-L98.499, 

A46-A46.0, A66-A67.9, I89.1-I89.8, L00-
L02.93, L04-L08.9, L30.3-L30.4, L88, 

L97-L98.499, N49.2-N49.3

035-035.9, 040.0, 102-103.9, 457.2-457.3, 
680-680.9, 683-689, 785.4

035-035.9, 040.0, 102-103.9, 457.2-457.3, 
680-680.9, 683-689, 785.4

Scabies

Fungal skin diseases

Viral skin diseases

Acne vulgaris

Alopecia areata

Pruritus

Urticaria

Decubitus ulcer

Other skin and subcutaneous diseases

Sense organ diseases

Glaucoma H40-H40.9, H42-H42.8 365-365.9

Cataract H25-H26.9, H28-H28.8 366-366.9

Age-related macular degeneration H35.3-H35.389 362.5-362.57

Other vision loss H27-H27.9, H31-H35.23, H35.4-H36.8, 
H46-H51.9, H53-H54.9

360.8-362.0, 362.1-362.43, 362.6-363.9, 
368-369.9, 377-378.9

Age-related and other hearing loss

Other sense organ diseases

Rheumatoid arthritis M05-M05.9, M08-M09.8 M05-M05.9 714-714.9 714-714.9

Osteoarthritis M16-M17.9 M16-M17.9 715.0-715.98

Low back pain

Neck pain

Gout M10-M10.19, M10.3-M10.9 M10-M10.19, M10.3-M10.9 274-274.9, 712.0-712.09 274-274.9, 712.0-712.09

Other musculoskeletal disorders

G54.3, I27.1, L93-L93.2, M00-M03.6, 
M06-M07.69, M11-M15.9, M18-M25.9, 
M30-M32.9, M34-M36.8, M40-M43.9, 

M45-M47.01, M47.014, M47.02-M47.10, 
M47.14, M47.2-M47.20, M47.24, M47.8-

M47.81, M47.814, M47.819-M47.891, 
M47.895, M47.9-M48.00, M48.04, M48.1-

M48.11, M48.15, M48.2-M48.20, 
M48.24, M48.3-M48.30, M48.34, M48.4-

M48.40, M48.44, M48.5-M48.50, 
M48.54, M48.8-M49, M49.2-M49.80, 

M49.84, M49.89, M51-M51.04, M51.1-
M51.14, M51.2-M51.24, M51.3-M51.34, 
M51.4-M51.44, M51.8-M51.84, M51.9, 
M53, M53.2, M53.8-M53.80, M53.84, 

M53.9-M54.00, M54.04, M54.1-M54.10, 
M54.14, M54.6-M54.8, M54.89-M54.9, 
M61-M63.89, M65-M68.8, M70-M72.4, 
M72.8-M73, M75-M77.9, M79-M79.676, 
M79.8-M87.09, M87.2-M89.59, M89.7-
M95.9, M99-M99.00, M99.02, M99.05-

M99.10, M99.12, M99.15-M99.20, 
M99.22, M99.25-M99.30, M99.32, 
M99.35-M99.40, M99.42, M99.45-
M99.50, M99.52, M99.55-M99.60, 
M99 62  M99 65-M99 70  M99 72  

I27.1, L93-L93.2, M00-M03.6, M06-
M09.8, M11-M15.9, M18-M25.9, M30-
M46.99, M61-M72.4, M72.8-M87.09, 
M87.2-M95.9, M99, M99.05-M99.09, 

M99.15-M99.19, M99.25-M99.29, 
M99.35-M99.39, M99.45-M99.49, 
M99.55-M99.59, M99.65-M99.69, 
M99.75-M99.79, M99.85-M99.9

353.3, 416.1, 446-446.9, 710-710.2, 710.5-
712, 712.1-713.8, 715-721, 721.2, 721.4-
721.41, 721.5-722, 722.1, 722.11-722.31, 

722.39-722.51, 722.6-722.70, 722.72, 
722.8-722.80, 722.82, 722.9-722.90, 

722.92, 724-724.01, 724.09-724.1, 724.4-
724.5, 724.8-724.9, 726-727.9, 729-

730.39, 730.7-739.9

416.1, 446-446.9, 710-712, 712.1-713.8, 
715-720.9, 726-727.9, 729-730.39, 730.7-

739.9

Congenital birth defects

P96.0, Q00-Q07.9, Q10-Q15.9, Q17-
Q18.9, Q20-Q28.9, Q30-Q45.9, Q50-

Q56.4, Q63.3, Q64-Q64.19, Q65-Q87.89, 
Q89-Q89.8, Q90-Q93.9, Q95-Q99.9, 

Z13.7-Z13.79, Z14-Z15.89, Z82.7-Z82.79, 

237.7-237.79, 740-744, 744.00-753, 
753.5, 754-759.9, V13.6-V13.69, V18.61, 

V18.9, V19.5, V19.7-V19.8, V82.3

Neural tube defects Q00-Q01.9, Q05-Q05.9, Q07.01, Q07.03 Q00-Q01.9, Q05-Q05.9, Q07.01-Q07.01, 
Q07.03-Q07.03

740-741.93, 742.0 740-741.93, 742.0-742.0

Congenital heart anomalies Q20-Q27, Q27.1-Q28.9 Q20-Q28.9 745-747.9 745-747.9

Orofacial clefts Q35-Q37.9 Q35-Q37.9 749-749.9 749-749.9

Down syndrome Q90-Q90.9 Q90-Q90.9 758.0 758.0

Turner syndrome Q96-Q96.9 Q96-Q96.9 758.6 758.6

Klinefelter syndrome Q98-Q98.9 Q98-Q98.9 758.7 758.7

Other chromosomal abnormalities
Q74.8, Q75.1, Q75.4, Q75.8, Q79.6, Q87-
Q87.89, Q91-Q93.9, Q95, Q95.2-Q95.9, 

Q97-Q97.9, Q99-Q99.9

Q74.8-Q74.8, Q75.0-Q75.4, Q75.8-Q75.8, 
Q79.6-Q79.6, Q87-Q87.89, Q91-Q95.9, 

Q97-Q97.9, Q99-Q99.9

758, 758.1-758.5, 758.8-758.9, 759.7-
759.89

756.0, 758-758, 758.1-758.5, 758.8-758.9, 
759.7-759.89

Congenital musculoskeletal and limb anomalies

Q65-Q65.2, Q65.8-Q66.1, Q68, Q68.1-
Q68.2, Q68.6-Q74, Q74.1-Q74.3, Q74.9-
Q75.0, Q75.5, Q75.9-Q76, Q76.1-Q76.49, 

Q76.8-Q79, Q79.8-Q79.9

Q65-Q74.3, Q74.9-Q75, Q75.5-Q75.5, 
Q75.9-Q79, Q79.8-Q79.9 754-756.19, 756.4-756.59, 756.8-756.9 754-756, 756.1-756.59, 756.8-756.9

Urogenital congenital anomalies P96.0, Q50-Q52.2, Q52.4, Q52.6-Q52.9, 
Q54-Q55.2, Q55.22-Q56.4, Q64-Q64.19

P96.0-P96.0, Q50-Q64.9 752.0-752.9, 753.5 752.0-752.9, 753.0-753.9

Digestive congenital anomalies Q38-Q38.0, Q38.3-Q38.4, Q38.6-Q43, 
Q43.1-Q45.8, Q79.0-Q79.59

Q38-Q45.8, Q79.0-Q79.59 750-751, 751.1-751.9, 756.6-756.79 750-751.9, 756.6-756.79
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Other congenital birth defects

Q02-Q04.9, Q06-Q07.00, Q07.02, Q07.8-
Q07.9, Q10-Q15.9, Q17-Q18.9, Q27.0, 

Q30-Q34.9, Q38.1-Q38.2, Q38.5, Q43.0, 
Q45.9, Q52.3, Q52.5, Q53-Q53.9, Q55.20-

Q55.21, Q63.3, Q65.3-Q65.6, Q66.2-
Q67.8, Q68.0, Q68.3-Q68.5, Q74.0, Q75.2-
Q75.3, Q76.0, Q76.5-Q76.7, Q80-Q86.8, 

Q89-Q89.8, Q95.0-Q95.1

237.7-237.79, 742, 742.1-744, 744.00-
744.9, 748-748.9, 751.0, 752, 753, 756.2-

756.3, 757-757.9, 759-759.6, 759.9

Urinary diseases and male infertility

N10-N13.9, N15-N16.8, N20-N23.0, N25-
N29, N29.1-N37.8, N39-N45.9, N47-

N49.1, N49.8-N52.1, N52.8-N53.9, R86-
R86.9, Z43.5-Z43.6, Z84.1-Z84.2

588-596.8, 596.89-598.1, 598.8-609, 
788.3-788.39, 788.91, V13.0-V13.02, 

V45.74, V47.4, V58.76

Urinary tract infections N10-N12.9, N15-N16.8, N30-N30.91, 
N34-N34.3, N39.0

N10-N12.9, N15-N16.8, N30-N39.0 590-590.9, 595-595.9, 597-597.9, 599.0 590-590.9, 595-595.9, 597-597.9, 599.0

Urolithiasis N20-N23.0 N20-N23.0 592-592.9, 594-594.9 592-594.9

Benign prostatic hyperplasia N40-N40.9 N40-N40.9 600-600.91 600-600.91

Male infertility

Other urinary diseases

N13-N13.9, N25-N29, N29.1-N29.8, N31-
N33.8, N35-N37.8, N39, N39.1-N39.9, 
N41-N45.9, N47-N49.1, N49.8-N52.1, 
N52.8-N53.9, R86-R86.9, Z43.5-Z43.6, 

Z84.1-Z84.2

588-589.9, 593-593.9, 596-596.8, 596.89-
596.9, 598-598.1, 598.8-599, 599.1-599.9, 

601-609, 788.3-788.39, 788.91, V13.0-
V13.02, V45.74, V47.4, V58.76

Gynecological diseases

B37.3-B37.49, D25-D26, E28.2, N61-
N64.9, N72-N72.0, N75-N77.8, N80-

N95.9, R30-R37, R39-R39.9, R87-R87.9, 
Z01.4-Z01.7, Z86.1-Z86.19, Z87.4-

Z87.448

112.1-112.2, 218-218.9, 256.4, 611-611.9, 
616-629.9, 788-788.29, 788.4-788.9, 

799.81, V07.4-V07.59, V13.2, V13.29, 
V18.7, V43.82, V45.71, V45.83, V47.5, 

V49.81, V72.3-V72.31
Uterine fibroids D25-D26 D25-D26 218-218.9 218-218.9

Polycystic ovarian syndrome E28.2 E28.2 256.4 256.4

Female infertility

Endometriosis N80-N80.9 N80-N80.9 617-617.9 617-617.9

Genital prolapse N81-N81.9 N81-N81.9 618-618.9 618-618.9

Premenstrual syndrome N85.0-N85.1, N92-N93.9, N94.3, N95.0 621.2-621.3, 621.31-621.32, 621.34, 
625.4, 626, 626.2-626.9, 627.0-627.1

Other gynecological diseases

B37.3-B37.49, N61-N64.9, N72-N72.0, 
N75-N77.8, N83-N85, N85.2-N91.5, N94-

N94.2, N94.4-N95, N95.1-N95.9, R30-
R37, R39-R39.9, R87-R87.9, Z01.4-
Z01.7, Z86.1-Z86.19, Z87.4-Z87.448

B37.3-B37.49, N61-N64.9, N72-N72.0, 
N75-N77.8, N83-N94.2, N94.4-N95.9

112.1-112.2, 611-611.9, 616-616.9, 620-
621.1, 621.30, 621.33, 621.35-625.3, 
625.5-625.9, 626.0-626.1, 627, 627.2-

629.9, 788-788.29, 788.4-788.9, 799.81, 
V07.4-V07.59, V13.2, V13.29, V18.7, 

V43.82, V45.71, V45.83, V47.5, V49.81, 

112.1-112.2, 611-611.9, 616-616.9, 620-
625.3, 625.5-629.9

Hemoglobinopathies and hemolytic anemias D55-D61.9 282-284.9, V78, V78.2-V78.9

Thalassemias D56-D56.3, D56.5-D56.9, D57.4-D57.419 D56-D56.9 282.4-282.49, 282.6-282.62, V78, V78.2-
V78.9

282.4, 282.49-282.49, V78-V78.9

Thalassemias trait

Sickle cell disorders D57-D57.3, D57.8-D57.819 D57-D57.819 282.5, 282.63-282.69 282.41-282.44, 282.6-282.69

Sickle cell trait

G6PD deficiency D55-D55.2 282.3

G6PD trait

Other hemoglobinopathies and hemolytic anemias D55.3-D55.9, D56.4, D58-D61.9 282-282.2, 282.7-284.9

Endocrine, metabolic, blood, and immune disorders

D66-D69.49, D69.6-D70.0, D70.2-D77, 
D80-D84.9, D86.8, D86.82-D86.84, 

D86.86-D86.87, D89-D89.9, E03-E03.1, 
E03.3-E06.3, E06.5-E07.9, E15-E16, 

E16.1-E16.9, E20-E23.0, E23.2-E24.1, 
E24.3-E27.2, E27.4-E28.1, E28.3-E32.9, 
E34-E35.8, E65-E66.09, E66.2-E68, E70-
E80.09, E80.3-E88.9, E90-E998, Z83.4-

D66-D69.49, D69.6-D70.0, D70.2-D77, 
D80-D84.9, D86.3-D86.87, D89-D89.9, 
E03-E03.1, E03.3-E06.3, E06.5-E07.9, 
E15-E16, E16.1-E23.0, E23.2-E24.1, 

E24.3-E27.2, E27.4-E28.1, E28.3-E35.8, 
E67-E88.9, E90-E998

240-244, 244.8-246.9, 251-256.39, 256.8-
259.9, 270-272.9, 275-278.02, 278.1-

279.9, 286-289.9, 775.3, V12.2-V12.49, 
V18.1-V18.19, V45.86, V77.0, V77.3-

V77.4, V77.6-V77.91, V85-V85.54

240-244, 244.8-246.9, 251-256.39, 256.8-
259.9, 270-271.9, 275-279.9, 286-289.9, 

775.3

Oral disorders K00-K08.499, K08.8-K14.9, M26-M27.9 520-525.54, 525.8-526.61, 526.69-529.9

Caries of deciduous teeth

Caries of permanent teeth K02-K02.9 521.0-521.09

Periodontal diseases K05-K06.9 523-523.9

Edentulism and severe tooth loss K08.0-K08.499 525.0-525.19, 525.4-525.54

Other oral disorders K00-K01.1, K03-K04.99, K07-K08, K08.8-
K14.9, M26-M27.9

520-521, 521.1-522.9, 524-525, 525.2-
525.3, 525.8-526.61, 526.69-529.9

Road injuries
V01-V04.99, V06-V80.929, V82-V82.9, 

V87.2-V87.3
V01-V04.99, V06-V80.929, V82-V82.9, 

V87.2-V87.3

E800.3, E801.3, E802.3, E803.3, E804.3, 
E805.3, E806.3, E807.3, E810.0-E810.6, 
E811.0-E811.7, E812.0-E812.7, E813.0-
E813.7, E814.0-E814.7, E815.0-E815.7, 
E816.0-E816.7, E817.0-E817.7, E818.0-
E818.7, E819.0-E819.7, E820.0-E820.6, 
E821.0-E821.6, E822.0-E822.7, E823.0-
E823.7, E824.0-E824.7, E825.0-E825.7, 
E826.0-E826.1, E826.3-E826.4, E827.0, 
E827.3-E827.4, E828.0, E828.4, E829.0-

E829.4

E800.3, E801.3, E802.3, E803.3, E804.3, 
E805.3, E806.3, E807.3-E810.6, E811.0-
E820.6, E821.0-E821.6, E822.0-E826.1, 
E826.3-E827.0, E827.3-E828.0, E828.4-

E829.4

Pedestrian road injuries V01-V04.99, V06-V09.9 V01-V04.99, V06-V09.9

E811.7, E812.7, E813.7, E814.7, E815.7, 
E816.7, E817.7, E818.7, E819.7, E822.7, 
E823.7, E824.7, E825.7, E826.0, E827.0, 

E828.0, E829.0

E811.7, E812.7, E813.7, E814.7, E815.7, 
E816.7, E817.7, E818.7, E819.7, E822.7, 
E823.7, E824.7, E825.7-E826.0, E827.0, 

E828.0, E829.0

Cyclist road injuries V10-V19.9 V10-V19.9

E800.3, E801.3, E802.3, E803.3, E804.3, 
E805.3, E806.3, E807.3, E810.6, E811.6, 
E812.6, E813.6, E814.6, E815.6, E816.6, 
E817.6, E818.6, E819.6, E820.6, E821.6, 
E822.6, E823.6, E824.6, E825.6, E826.1

E800.3, E801.3, E802.3, E803.3, E804.3, 
E805.3, E806.3, E807.3, E810.6, E811.6, 
E812.6, E813.6, E814.6, E815.6, E816.6, 
E817.6, E818.6, E819.6, E820.6, E821.6, 
E822.6, E823.6, E824.6, E825.6, E826.1
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Motorcyclist road injuries V20-V29.9 V20-V29.9

E810.2-E810.3, E811.2-E811.3, E812.2-
E812.3, E813.2-E813.3, E814.2-E814.3, 
E815.2-E815.3, E816.2-E816.3, E817.2-
E817.3, E818.2-E818.3, E819.2-E819.3, 
E820.2-E820.3, E821.2-E821.3, E822.2-
E822.3, E823.2-E823.3, E824.2-E824.3, 

E825.2-E825.3

E810.2-E810.3, E811.2-E811.3, E812.2-
E812.3, E813.2-E813.3, E814.2-E814.3, 
E815.2-E815.3, E816.2-E816.3, E817.2-
E817.3, E818.2-E818.3, E819.2-E819.3, 
E820.2-E820.3, E821.2-E821.3, E822.2-
E822.3, E823.2-E823.3, E824.2-E824.3, 

E825.2-E825.3

Motor vehicle road injuries V30-V79.9, V87.2-V87.3 V30-V79.9, V87.2-V87.3

E810.0-E810.1, E811.0-E811.1, E812.0-
E812.1, E813.0-E813.1, E814.0-E814.1, 
E815.0-E815.1, E816.0-E816.1, E817.0-
E817.1, E818.0-E818.1, E819.0-E819.1, 
E820.0-E820.1, E821.0-E821.1, E822.0-
E822.1, E823.0-E823.1, E824.0-E824.1, 

E825.0-E825.1

E810.0-E810.1, E811.0-E811.1, E812.0-
E812.1, E813.0-E813.1, E814.0-E814.1, 
E815.0-E815.1, E816.0-E816.1, E817.0-
E817.1, E818.0-E818.1, E819.0-E819.1, 
E820.0-E820.1, E821.0-E821.1, E822.0-
E822.1, E823.0-E823.1, E824.0-E824.1, 

E825.0-E825.1

Other road injuries V80-V80.929, V82-V82.9 V80-V80.929, V82-V82.9

E810.4-E810.5, E811.4-E811.5, E812.4-
E812.5, E813.4-E813.5, E814.4-E814.5, 
E815.4-E815.5, E816.4-E816.5, E817.4-
E817.5, E818.4-E818.5, E819.4-E819.5, 
E820.4-E820.5, E821.4-E821.5, E822.4-
E822.5, E823.4-E823.5, E824.4-E824.5, 
E825.4-E825.5, E826.3-E826.4, E827.3-

E827.4, E828.4, E829.4

E810.4-E810.5, E811.4-E811.5, E812.4-
E812.5, E813.4-E813.5, E814.4-E814.5, 
E815.4-E815.5, E816.4-E816.5, E817.4-
E817.5, E818.4-E818.5, E819.4-E819.5, 
E820.4-E820.5, E821.4-E821.5, E822.4-
E822.5, E823.4-E823.5, E824.4-E824.5, 
E825.4-E825.5, E826.3-E826.4, E827.3-

E827.4, E828.4, E829.4

Other transport injuries
V00-V00.898, V05-V05.99, V81-V81.9, 
V83-V86.99, V88.2-V88.3, V90-V98.8

V00-V00.898, V05-V05.99, V81-V81.9, 
V83-V86.99, V88.2-V98.8

E800-E800.2, E801-E801.2, E802-E802.2, 
E803-E803.2, E804-E804.2, E805-E805.2, 

E806-E806.2, E807-E807.2, E810.7, 
E820.7, E821.7, E826.2, E827.2, E828.2, 

E830-E838.9, E840-E849.9, E929.1

E800-E800.2, E801-E801.2, E802-E802.2, 
E803-E803.2, E804-E804.2, E805-E805.2, 

E806-E806.2, E807-E807.2, E810.7, 
E820.7, E821.7, E826.2, E827.2, E828.2, 

E830-E849.9, E929.1
Falls W00-W19.9 W00-W19.9 E880-E886.99, E888-E888.9, E929.3 E880-E888.9, E929.3

Drowning W65-W70.9, W73-W74.9 W65-W74.9 E910-E910.99 E910-E910.99

Fire, heat, and hot substances X00-X06.9, X08-X19.9 X00-X19.9 E890-E899.09, E924-E924.99, E929.4 E890-E899.09, E924-E924.99, E929.4

Poisonings J70.5, X40-X44.9, X47-X49.9, Y10-
Y14.9, Y16-Y19.9

J70.5, X46-X48.9 E850.3-E858.99, E862-E869.99, E929.2 E856-E869.99

Poisoning by carbon monoxide J70.5, X47-X47.9 J70.5, X47-X47.9 E862-E862.99, E868-E869.99 E862-E862.99, E868-E868.99, E869.90-
E869.99

Poisoning by other means X40-X44.9, X49-X49.9, Y10-Y14.9, Y16-
Y19.9

X46-X46.9, X48-X48.9 E850.3-E858.99, E866-E866.99 E856-E861.99, E863-E867.09, E869-
E869.9

Exposure to mechanical forces W20-W38.9, W40-W43.9, W45.0-W45.2, 
W46-W46.2, W49-W52, W75-W76.9

W20-W38.9, W40-W43.9, W45.0-W45.2, 
W46-W52

E913-E913.19, E916-E922.99, E928.1-
E928.7

E916-E922.99, E928.1-E928.7

Unintentional firearm injuries W32-W34.9 W32-W34.9 E922-E922.99, E928.7 E922-E922.99, E928.7

Other exposure to mechanical forces W20-W31.9, W35-W38.9, W40-W43.9, 
W45.0-W45.2, W46-W46.2, W49-W52

W20-W31.9, W35-W38.9, W40-W43.9, 
W45.0-W45.2, W46-W52

E916-E921.99, E928.1-E928.6 E916-E921.99, E928.1-E928.6

Adverse effects of medical treatment

D69.5-D69.59, D70.1, D78-D78.89, 
E03.2, E06.4, E09-E09.9, E16.0, E23.1, 
E24.2, E27.3, E36-E36.8, E66.1, E89-
E89.9, G21.1-G21.19, G24.0-G24.09, 
G25.1, G25.4, G25.6-G25.79, G62.0, 

G72.0, G93.7, G96.0, G96.11, G97-G97.9, 
H59-H59.89, H91.0-H91.09, H95-H95.9, 
I95.2-I95.81, I97-I97.9, J70-J70.4, J95-

J95.9, K08.5-K08.59, K43-K43.9, K62.7, 
K68.11, K91-K91.9, K94-K95.89, L23.3, 
L27.0-L27.1, L56.0-L56.1, L64.0, L76-
L76.82, M10.2-M10.29, M87.1-M87.19, 

M96-M96.9, N14-N14.4, N46.021-
N46.121, N52.2-N52.39, N65-N65.1, N99-
N99.9, P93-P93.8, P96.2, Y40-Y84.9, Y88-

Y88.3, Z21.0, Z42-Z43.0, Z43.8-Z48.9, 
Z51-Z51.9, Z88-Z94.0, Z94.6, Z94.8-

D69.5-D69.59, D70.1, D78-D78.89, 
E03.2, E06.4, E09-E09.9, E16.0, E23.1, 
E24.2, E27.3, E36-E36.8, E66.1, E89-

E89.9, G21.1-G25.79, G62.0-G97.9, H59-
H59.89, H91.0-H91.09, H95-H95.9, I95.2-

I97.9, J70-J70.4, J95-J95.9, K08.5-
K08.59, K43-K43.9, K62.7, K68.11, K91-
K91.9, K94-K95.89, L23.3-L27.1, L56.0-

L56.1, L64.0, L76-L76.82, M10.2-
M10.29, M87.1-M87.19, M96-M96.9, 

N46.021-N46.121, N52.2-N52.39, N65-
N65.1, N99-N99.9, P93-P93.8, P96.2, Y40-
Y84.9, Y88-Y88.3, Z21.0, Z42-Z51.9, Z88-

Z94.0, Z94.6-Z99.9

244.0-244.1, 244.3, 331.81, 333.92, 349-
349.9, 357.6, 359.24, 379.6-379.63, 440.3-

440.32, 457.0, 458.2-458.29, 518.6, 
519.00-519.1, 525.6-525.79, 526.62-

526.63, 530.87, 536.4-536.49, 539-539.9, 
551.2-551.29, 552.2-552.29, 553.2-

553.29, 564.2-564.4, 569.6-569.8, 596.81-
596.83, 598.2, 612-612.1, 780.66, 995.89, 
E870-E876.9, E878-E879.9, E930-E949.9, 
V44-V45, V45.2-V45.4, V45.7, V45.77, 

V45.79-V45.8, V45.87-V45.89

244.0-244.1, 244.3, 331.81, 333.92, 349-
349.9, 357.6-359.24, 379.6-379.63, 440.3-
440.32, 457.0, 458.2-458.29, 518.6-519.1, 

525.6-525.79, 526.62-526.63, 530.87, 
536.4-536.49, 539-539.9, 551.2-551.29, 

552.2-552.29, 553.2-553.29, 564.2-564.4, 
569.6-569.8, 596.81-596.83, 598.2, 612-

612.1, 780.66, 995.89, E870-E879.9, E930-
E949.9, V44-V45.89

Animal contact W52.0-W62.9, W64-W64.9, X20-X29.9 W52.0-W64.9, X20-X29.9 E905-E906.99 E905-E906.99

Venomous animal contact W52.3, X20-X29.9 E905-E905.99

Non-venomous animal contact W52.0-W62.9, W64-W64.9, X20-X29.9 W52.0-W52.2, W52.4-W64.9 E905-E906.99 E906-E906.99

Foreign body
H02.81-H02.819, H44.6-H44.799, M60.2-
M60.28, W44-W45, W45.3-W45.9, W78-

W80.9, W83-W84.9

360.5-360.69, 374.86, 376.6, 709.4, 770.1-
770.18, E911-E912.09, E913.8-E915.09

Pulmonary aspiration and foreign body in airway W78-W80.9, W83-W84.9 W75-W76.9, W78-W80.9, W83-W84.9 770.1-770.18, E911-E912.09, E913.8-
E913.99

770.1-770.18, E911-E913.19, E913.8-
E913.99

Foreign body in eyes H02.81-H02.819, H44.6-H44.799 H02.81-H02.819, H44.6-H44.799 360.5-360.69, 374.86, 376.6, E914-
E914 09

360.5-360.69, 374.86, 376.6, E914-
E914 09

Foreign body in other body part M60.2-M60.28, W44-W45, W45.3-W45.9 M60.2-M60.28, W44-W45, W45.3-W45.9 709.4, E915-E915.09 709.4, E915-E915.09

Environmental heat and cold exposure L55-L55.9, L58-L58.9, W88-W94.9, 
W97.9, W99-W99.9, X30-X32.9, X39-

L55-L55.9, L58-L58.9, W88-W99.9, X30-
X32.9, X39-X39.9

E900-E902.99, E926-E926.99, E929.5 E900-E902.99, E926-E926.99, E929.5

Exposure to forces of nature X33-X38.9 E907-E909.9

Other unintentional injuries W39-W39.9, W77-W77.9, W81-W81.9, 
X50-X58.9

W39-W39.9, W77-W77.9, W81-W81.9, 
W85-W87.9, X50-X58.9

E903-E904.99, E913.2-E913.39, E923-
E923.99, E927-E928.09, E928.8-E928.89

E903-E904.99, E913.2-E913.39, E923-
E923.99, E925-E925.99, E927-E928.09, 

E928.8-E928.89
Self-harm X60-X64.9, X66-X84.9, Y87.0 X60-X64.9, X66-X84.9, Y87.0 E950-E959 E950-E959

Self-harm by firearm X72-X74.9 X72-X74.9 E955-E955.9 E955-E955.9

Self-harm by other specified means X60-X64.9, X66-X67.9, X69-X71.9, X75-
X75.9, X77-X84.9, Y87.0

X60-X64.9, X66-X71.9, X75-X84.9, 
Y87.0

E950-E954, E956-E958.0, E958.2-E959 E950-E954, E956-E959

Interpersonal violence X85-Y08.9, Y87.1-Y87.2 T74.2-T76.22, X85-Y08.9, Y87.1-Y87.2 E960-E969 E960-E969

Physical violence by firearm X93-X95.9 X93-X95.9 E965-E965.4 E965-E965.4

Physical violence by sharp object X99-X99.9 X99-X99.9 E966 E966

Sexual violence Y05-Y05.9 E960-E960.1

Physical violence by other means X85-X92.9, X96-X98.9, Y00-Y04.9, Y06-
Y08.9, Y87.1-Y87.2

X85-X92.9, X96-X98.9, Y00-Y04.9, Y06-
Y08.9, Y87.1-Y87.2

E961-E964, E965.5-E965.9, E967-E969 E961-E964, E965.5-E965.9, E967-E969

Conflict and terrorism U00-U03, Y36-Y38.9, Y89.1 E979-E979.9, E990-E999.1

Executions and police conflict Y35-Y35.93, Y89.0 E970-E978
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Cause ICD10 ICD10 Used in Hospital/Claims 
Analyses

ICD9 ICD9 Used in Hospital/Claims Analyses

Appendix Table #4: List of International Classification of Diseases (ICD) codes mapped to the Global Burden of Disease cause list

NOTE: This is a comprehensive mapping of ICD codes to GBD categories for Nonfatal Estimation based on Hospital Inpatient data.  Not all causes use Hospital data. Detailed case definitions disease by disease are provided in the 
disease and injury specific write-ups. A small number of causes don't use ICD codes.
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Sequela Health state name Health state lay description Disability Weight

HIV/AIDS -  Drug-susceptible Tuberculosis with mild anemia Tuberculosis, HIV infected and anemia, mild (combined DW) --

HIV/AIDS -  Drug-susceptible Tuberculosis without anemia Tuberculosis, HIV infected

has a persistent cough and fever, shortness 

of breath, night sweats, weakness and 

fatigue and severe weight loss.

0.408

(0.274-0.549)

HIV/AIDS -  Drug-susceptible Tuberculosis with severe anemia Tuberculosis, HIV infected and anemia, severe (combined DW) --

HIV/AIDS -  Drug-susceptible Tuberculosis with moderate anemia Tuberculosis, HIV infected and anemia, moderate (combined DW) --

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug 

resistance without anemia
Tuberculosis, HIV infected

has a persistent cough and fever, shortness 

of breath, night sweats, weakness and 

fatigue and severe weight loss.

0.408

(0.274-0.549)

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug 

resistance with mild anemia
Tuberculosis, HIV infected and anemia, mild (combined DW) --

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug 

resistance with severe anemia
Tuberculosis, HIV infected and anemia, severe (combined DW) --

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive drug 

resistance with moderate anemia
Tuberculosis, HIV infected and anemia, moderate (combined DW) --

HIV/AIDS - Extensively drug-resistant Tuberculosis with mild anemia Tuberculosis, HIV infected and anemia, mild (combined DW) --

HIV/AIDS - Extensively drug-resistant Tuberculosis with moderate 

anemia
Tuberculosis, HIV infected and anemia, moderate (combined DW) --

HIV/AIDS - Extensively drug-resistant Tuberculosis with severe anemia Tuberculosis, HIV infected and anemia, severe (combined DW) --

HIV/AIDS - Extensively drug-resistant Tuberculosis without anemia Tuberculosis, HIV infected

has a persistent cough and fever, shortness 

of breath, night sweats, weakness and 

fatigue and severe weight loss.

0.408

(0.274-0.549)

HIV/AIDS with antiretroviral treatment without anemia HIV/AIDS cases, receiving ARV treatment

has occasional fevers and infections. The 

person takes daily medication that 

sometimes causes diarrhea.

0.078

(0.052-0.111)

AIDS without anemia AIDS cases, not receiving ARV treatment

has severe weight loss, weakness, fatigue, 

cough and fever, and frequent infections, 

skin rashes and diarrhea. 

0.582

(0.406-0.743)

AIDS with severe anemia
AIDS cases, not receiving ARV treatment and 

anemia, severe
(combined DW) --

AIDS with moderate anemia
AIDS cases, not receiving ARV treatment and 

anemia, moderate
(combined DW) --

AIDS with mild anemia
AIDS cases, not receiving ARV treatment and 

anemia, mild
(combined DW) --

HIV/AIDS with antiretroviral treatment with severe anemia
HIV/AIDS cases, receiving ARV treatment and 

anemia, severe
(combined DW) --

HIV/AIDS with antiretroviral treatment with moderate anemia
HIV/AIDS cases, receiving ARV treatment and 

anemia, moderate
(combined DW) --

Symptomatic HIV without anemia HIV cases, symptomatic, pre-AIDS
has weight loss, fatigue, and frequent 

infections.

0.274

(0.184-0.377)

Symptomatic HIV with severe anemia
HIV cases, symptomatic, pre-AIDS and anemia, 

severe
(combined DW) --

Symptomatic HIV with moderate anemia
HIV cases, symptomatic, pre-AIDS and anemia, 

moderate
(combined DW) --

Symptomatic HIV with mild anemia
HIV cases, symptomatic, pre-AIDS and anemia, 

mild
(combined DW) --

Early HIV without anemia
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Early HIV with severe anemia
Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

HIV/AIDS with antiretroviral treatment with mild anemia
HIV/AIDS cases, receiving ARV treatment and 

anemia, mild
(combined DW) --

Early HIV with mild anemia
Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Early HIV with moderate anemia
Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Severe disfigurement, neurological problems, and cardiovascular 

complications due to adult tertiary syphilis

Level 3 disfigurement, moderate motor plus 

cognitive impairments, and moderate infectious 

disease, acute episode

(combined DW) --

Asymptomatic early syphilis infection -- -- --

Cardiovascular complications due to adult tertiary syphilis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Asymptomatic adult tertiary syphilis -- -- --

Severe disfigurement and cardiovascular complications due to adult 

tertiary syphilis

Level 3 disfigurement and moderate infectious 

disease, acute episode
(combined DW) --

Neurological problems and cardiovascular complications due to adult 

tertiary syphilis

Moderate motor plus cognitive impairments and 

moderate infectious disease, acute episode
(combined DW) --

Appendix Table 5. GBD 2017 sequelae, health states, health state lay descriptions, and disability weights
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Severe disfigurement and neurological problems due to adult tertiary 

syphilis

Level 3 disfigurement and moderate motor plus 

cognitive impairments
(combined DW) --

Severe disfigurement due to adult tertiary syphilis Disfigurement, level 3

has an obvious physical deformity that 

makes others uncomfortable, which causes 

the person to avoid social contact,  feel 

worried, sleep poorly, and think about 

suicide.

0.405

(0.275-0.546)

Mild early syphilis infection Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Neurological problems due to adult tertiary syphilis Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Asymptomatic chlamydial infection -- -- --

Epididymo-orchitis due to chlamydial infection Epididymo-orchitis
has swelling and tenderness in the testicles 

and pain during urination. 

0.128

(0.086-0.180)

Moderate pelvic inflammatory diseases due to chlamydial infection Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Severe pelvic inflammatory diseases due to chlamydial infection Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Mild chlamydial infection Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Secondary infertility due to chlamydial infection Infertility, secondary

has at least one child, and wants to have 

more children. The person has a fertile 

partner, but the couple cannot conceive. 

0.005

(0.002-0.011)

Primary infertility due to chlamydial infection Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)

Epididymo-orchitis due to gonococcal infection Epididymo-orchitis
has swelling and tenderness in the testicles 

and pain during urination. 

0.128

(0.086-0.180)

Moderate pelvic inflammatory diseases due to gonococcal infection Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Asymptomatic gonococcal infection -- -- --

Mild gonococcal infection Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Secondary infertility due to gonococcal infection Infertility, secondary

has at least one child, and wants to have 

more children. The person has a fertile 

partner, but the couple cannot conceive. 

0.005

(0.002-0.011)

Primary infertility due to gonococcal infection Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)

Severe pelvic inflammatory diseases due to gonococcal infection Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Asymptomatic trichomoniasis infection -- -- --

Acute trichomoniasis infection Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Moderate infection due to initial genital herpes episode Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Asymptomatic genital herpes -- -- --

Symptomatic genital herpes Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Other sexually transmitted diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Secondary infertility due to other sexually transmitted diseases Infertility, secondary

has at least one child, and wants to have 

more children. The person has a fertile 

partner, but the couple cannot conceive. 

0.005

(0.002-0.011)

Primary infertility due to other sexually transmitted diseases Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)

Severe pelvic inflammatory diseases due to other sexually transmitted 

diseases
Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Moderate pelvic inflammatory diseases due to other sexually 

transmitted diseases
Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Latent tuberculosis infection -- -- --

Drug-susceptible tuberculosis Tuberculosis, not HIV infected

has a persistent cough and fever, is short of 

breath, feels weak, and has lost a lot of 

weight.

0.333

(0.224-0.454)
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Multidrug-resistant tuberculosis without extensive drug resistance Tuberculosis, not HIV infected

has a persistent cough and fever, is short of 

breath, feels weak, and has lost a lot of 

weight.

0.333

(0.224-0.454)

Extensively drug-resistant tuberculosis Tuberculosis, not HIV infected

has a persistent cough and fever, is short of 

breath, feels weak, and has lost a lot of 

weight.

0.333

(0.224-0.454)

Moderate lower respiratory infections Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe lower respiratory infections Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Guillain-Barré syndrome due to lower respiratory infections Spinal cord lesion below neck level (treated)

is paralyzed from the waist down, cannot 

feel or move the legs and has difficulties 

with urine and bowel control.  The person 

uses a wheelchair to move around.

0.296

(0.198-0.414)

Mild upper respiratory infections Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Moderate upper respiratory infections Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Guillain-Barré syndrome due to upper respiratory infections Spinal cord lesion below neck level (treated)

is paralyzed from the waist down, cannot 

feel or move the legs and has difficulties 

with urine and bowel control.  The person 

uses a wheelchair to move around.

0.296

(0.198-0.414)

Moderate hearing loss with ringing due to chronic otitis media Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Acute otitis media Ear pain
has an ear-ache that causes some difficulty 

with daily activities.

0.013

(0.007-0.024)

Vertigo with moderate hearing loss due to chronic otitis media Vertigo with moderate hearing loss -- --

Mild hearing loss with ringing due to chronic otitis media Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Mild hearing loss due to chronic otitis media Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Vertigo with mild hearing loss and ringing due to chronic otitis media Vertigo with mild hearing loss and ringing -- --

Vertigo with mild hearing loss due to chronic otitis media Vertigo with mild hearing loss -- --

Severe infectious complications due to chronic otitis media Ear pain
has an ear-ache that causes some difficulty 

with daily activities.

0.013

(0.007-0.024)
Vertigo with moderate hearing loss and ringing due to chronic otitis 

media
Vertigo with moderate hearing loss and ringing -- --

Moderate hearing loss due to chronic otitis media Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Mild diarrheal diseases Diarrhea, mild
has diarrhea three or more times a day 

with occasional discomfort in the belly.

0.074

(0.049-0.104)

Guillain-Barré syndrome due to diarrheal diseases Spinal cord lesion below neck level (treated)

is paralyzed from the waist down, cannot 

feel or move the legs and has difficulties 

with urine and bowel control.  The person 

uses a wheelchair to move around.

0.296

(0.198-0.414)

Severe diarrheal diseases Diarrhea, severe

has diarrhea three or more times a day 

with severe belly cramps. The person is 

very thirsty and feels nauseous and tired. 

0.247

(0.164-0.348)

Moderate diarrheal diseases Diarrhea, moderate

has diarrhea three or more times a day, 

with painful cramps in the belly and 

feeling thirsty

0.188

(0.125-0.264)

Acute typhoid infection Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)
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Severe typhoid fever Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Intestinal perforation due to typhoid Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Gastrointestinal bleeding due to typhoid Gastric bleeding vomits blood and feels nauseous.
0.325

(0.209-0.462)

Acute paratyphoid infection Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Moderate paratyphoid fever Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe paratyphoid fever Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Intestinal perforation due to paratyphoid Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Severe acute iNTS Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Other intestinal infectious diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Mild malaria with severe anemia
Infectious disease, acute episode, mild, with 

severe anemia
(combined DW) --

Severe malaria with mild anemia
Infectious disease, acute episode, severe, with 

mild anemia
(combined DW) --

Severe malaria with moderate anemia
Infectious disease, acute episode, severe, with 

moderate anemia
(combined DW) --

Severe malaria with severe anemia
Infectious disease, acute episode, severe, with 

severe anemia
(combined DW) --

Mild malaria with mild anemia
Infectious disease, acute episode, mild, with mild 

anemia
(combined DW) --

Mild malaria with moderate anemia
Infectious disease, acute episode, mild, with 

moderate anemia
(combined DW) --

Moderate malaria with mild anemia
Infectious disease, acute episode, moderate, with 

mild anemia
(combined DW) --

Mild anemia due to malaria parasitemia (PfPR) Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate malaria with severe anemia
Infectious disease, acute episode, moderate, with 

severe anemia
(combined DW) --

Mild anemia due to malaria vivax (PvPR) Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate anemia due to malaria vivax (PvPR) Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Severe anemia due to malaria vivax (PvPR) Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Asymptomatic malaria vivax (PvPR) -- -- --

Asymptomatic malaria parasitemia (PfPR) -- -- --

Severe anemia due to malaria parasitemia (PfPR) Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate malaria with moderate anemia
Infectious disease, acute episode, moderate, with 

moderate anemia
(combined DW) --

Moderate anemia due to malaria parasitemia (PfPR) Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Moderate motor impairment with blindness due to malaria Moderate motor impairment with blindness (combined DW) --

Moderate malaria Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe motor plus cognitive impairment with blindness and epilepsy 

due to malaria

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Severe motor plus cognitive impairment with epilepsy due to malaria
Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --
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Severe motor plus cognitive impairment with blindness due to malaria
Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor impairment with blindness and epilepsy due to malaria
Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Mild malaria Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Severe motor impairment with blindness due to malaria Severe motor impairment with blindness (combined DW) --

Severe motor impairment due to malaria Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Severe motor impairment with epilepsy due to malaria Severe motor impairment with epilepsy (combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

malaria

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness due to 

malaria

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor impairment with blindness and epilepsy due to malaria
Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor impairment with epilepsy due to malaria Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment due to malaria Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe malaria Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to malaria

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Asymptomatic Chagas disease -- -- --

Acute Chagas disease Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Atrial fibrillation and flutter due to Chagas disease
Cardiac conduction disorders and cardiac 

dysrhythmias

has periods of rapid and irregular 

heartbeats and occasional fainting. 

0.224

(0.151-0.312)

Mild chronic digestive disease due to Chagas disease Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Moderate chronic digestive disease due to Chagas disease Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Moderate heart failure due to Chagas disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Severe heart failure due to Chagas disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to Chagas disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Mild heart failure due to Chagas disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Severe visceral leishmaniasis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate visceral leishmaniasis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Cutaneous and mucocutaneous leishmaniasis Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)
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Skin disfigurement due to Trypanosoma brucei rhodesiense Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Sleeping sickness due to Trypanosoma brucei rhodesiense Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Sleeping sickness due to Trypanosoma brucei gambiense Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Skin disfigurement due to Trypanosoma brucei gambiense Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Severe anemia due to schistosomiasis Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to schistosomiasis Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Bladder pathology due to schistosomiasis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Hydronephrosis due to schistosomiasis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Hepatomegaly due to schistosomiasis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Hematemesis due to schistosomiasis Gastric bleeding vomits blood and feels nauseous.
0.325

(0.209-0.462)

Ascites due to schistosomiasis Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Mild diarrhea due to schistosomiasis Diarrhea, mild
has diarrhea three or more times a day 

with occasional discomfort in the belly.

0.074

(0.049-0.104)

Mild schistosomiasis Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Mild anemia due to schistosomiasis Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Dysuria due to schistosomiasis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Neurocysticercosis with epilepsy Epilepsy (combined DW) --

Epilepsy due to echinococcosis Epilepsy (combined DW) --

Chronic respiratory disease due to cystic echinococcosis COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Abdominal problems due to cystic echinococcosis Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Hydrocele due to lymphatic filariasis Epididymo-orchitis
has swelling and tenderness in the testicles 

and pain during urination. 

0.128

(0.086-0.180)

Prevalence of detectable microfiliaria due to lymphatic filariasis -- -- --

Lymphedema due to lymphatic filariasis Lymphatic filariasis,  symptomatic
has swollen legs with hard and thick skin, 

which causes difficulty in moving around.

0.109

(0.073-0.154)

Acute adenolymphangitis due to lymphatic filariasis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Asymptomatic onchocerciasis -- -- --
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Severe vision impairment due to onchocerciasis Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to onchocerciasis Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Severe skin disease without itch due to onchocerciasis Disfigurement, level 3

has an obvious physical deformity that 

makes others uncomfortable, which causes 

the person to avoid social contact,  feel 

worried, sleep poorly, and think about 

suicide.

0.405

(0.275-0.546)

Mild skin disease without itch due to onchocerciasis Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Moderate skin disease due to onchocerciasis Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Mild skin disease due to onchocerciasis Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Moderate vision impairment due to onchocerciasis Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Severe skin disease due to onchocerciasis Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Moderate vision impairment due to trachoma Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Severe vision impairment due to trachoma Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to trachoma Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Moderate dengue Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe dengue Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Post-dengue chronic fatigue syndrome
Infectious disease, post-acute consequences 

(fatigue, emotional lability, insomnia)

is always tired and easily upset.  The 

person feels pain all over the body and is 

depressed.

0.219

(0.148-0.308)

Moderate yellow fever Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe yellow fever Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Asymptomatic yellow fever -- -- --

Rabies Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Heavy infestation of ascariasis Intestinal nematode infections, symptomatic
has cramping pain and a bloated feeling in 

the belly.

0.027

(0.015-0.043)

Severe wasting due to ascariasis Severe wasting is extremely skinny and has no energy. 
0.128

(0.082-0.183)

Asymptomatic ascariasis -- -- --
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Mild abdominopelvic problems due to ascariasis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Heavy infestation of trichuriasis Intestinal nematode infections, symptomatic
has cramping pain and a bloated feeling in 

the belly.

0.027

(0.015-0.043)

Mild abdominopelvic problems due to trichuriasis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Severe wasting due to trichuriasis Severe wasting is extremely skinny and has no energy. 
0.128

(0.082-0.183)

Asymptomatic trichuriasis -- -- --

Heavy infestation of hookworm Intestinal nematode infections, symptomatic
has cramping pain and a bloated feeling in 

the belly.

0.027

(0.015-0.043)

Mild abdominopelvic problems due to hookworm disease Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Severe wasting due to hookworm disease Severe wasting is extremely skinny and has no energy. 
0.128

(0.082-0.183)

Mild anemia due to hookworm disease Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate anemia due to hookworm disease Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Severe anemia due to hookworm disease Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Asymptomatic hookworm disease -- -- --

Cerebral paragonimiasis Epilepsy (combined DW) --

Heavy fascioliasis due to food-borne trematodiases Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Severe paragonimiasis due to food-borne trematodiases
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Moderate paragonimiasis due to food-borne trematodiases
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Mild paragonimiasis due to food-borne trematodiases COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Asymptomatic paragonimiasis -- -- --

Heavy clonorchiasis due to food-borne trematodiases Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Asymptomatic intestinal fluke infection -- -- --

Asymptomatic opisthorchiasis -- -- --

Asymptomatic clonorchiasis -- -- --

Heavy opisthorchiasis due to food-borne trematodiases Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Heavy intestinal fluke infection due to food-borne trematodiases Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Asymptomatic fascioliasis -- -- --

Disfigurement level 1 due to leprosy Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Disfigurement level 2 due to leprosy Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Post-Ebola chronic fatigue syndrome
Infectious disease, post-acute consequences 

(fatigue, emotional lability, insomnia)

is always tired and easily upset.  The 

person feels pain all over the body and is 

depressed.

0.219

(0.148-0.308)
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Ebola cases Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Acute Zika infection Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Guillain–Barré syndrome due to Zika infection Spinal cord lesion below neck level (treated)

is paralyzed from the waist down, cannot 

feel or move the legs and has difficulties 

with urine and bowel control.  The person 

uses a wheelchair to move around.

0.296

(0.198-0.414)

Congenital Zika syndrome
Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Asymptomatic Zika infection -- -- --

Moderate pain and limited mobility due to guinea worm Musculoskeletal problems, lower limbs, moderate

has moderate pain in the leg, which makes 

the person limp, and causes some 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and down 

and sleeping.

0.079

(0.054-0.110)

Moderate pain due to Guinea worm emergence Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Moderate reduced mobility due to Guinea worm emergence Musculoskeletal problems, lower limbs, moderate

has moderate pain in the leg, which makes 

the person limp, and causes some 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and down 

and sleeping.

0.079

(0.054-0.110)

Mild pain due to Guinea worm emergence Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Severe anemia due to other neglected tropical diseases Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to other neglected tropical diseases Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild anemia due to other neglected tropical diseases Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Acute infection due to other neglected tropical diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Complete hearing loss with ringing due to pneumococcal meningitis Hearing loss, complete, with ringing

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone, and has very annoying ringing in 

the ears for more than half of the day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression or loneliness.

0.316

(0.212-0.435)

Moderate hearing loss due to pneumococcal meningitis Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Mild hearing loss with ringing due to pneumococcal meningitis Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Mild hearing loss due to pneumococcal meningitis Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Complete hearing loss due to pneumococcal meningitis Hearing loss, complete

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone. Difficulties with communicating 

and relating to others often cause worry, 

depression or loneliness.

0.215

(0.144-0.307)
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Severe motor plus cognitive impairments due to pneumococcal 

meningitis
Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Moderate motor plus cognitive impairments due to pneumococcal 

meningitis
Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Severe motor impairment due to pneumococcal meningitis Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Mild intellectual disability due to pneumococcal meningitis Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Moderate hearing loss with ringing due to pneumococcal meningitis Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Borderline intellectual disability due to pneumococcal meningitis Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Mild motor plus cognitive impairments due to pneumococcal 

meningitis
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild motor impairment due to long term due to pneumococcal 

meningitis
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Mild behavioral problems due to pneumococcal meningitis Attention deficit hyperactivity disorder

is hyperactive and has difficulty 

concentrating, remembering things, and 

completing tasks. 

0.045

(0.028-0.066)

Acute pneumococcal meningitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate motor impairment due to pneumococcal meningitis Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Moderately severe hearing loss due to pneumococcal meningitis Hearing loss, moderately severe
(custom DW from hearing loss impairment 

envelope)
--

Epilepsy due to pneumococcal meningitis Epilepsy (combined DW) --

Severe vision impairment due to pneumococcol meningitis Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Moderate vision impairment due to pneumococcol meningitis Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Blindness due to pneumococcal meningitis Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Monocular distance vision loss due to pneumococcal meningitis Distance vision, monocular
is blind in one eye and has difficulty 

judging distances

0.017

(0.009-0.029)
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Profound hearing loss due to pneumococcal meningitis Hearing loss, profound

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, and has great difficulty 

hearing anything in any other situation. 

Difficulties with communicating and 

relating to othersoften cause worry, 

depression, and loneliness.

0.204

(0.134-0.288)

Profound hearing loss with ringing due to pneumococcal meningitis Hearing loss, profound, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, has great difficulty hearing 

anything in any other situation, and has 

annoying ringing in the ears for more than 

5 minutes at a time, several times a day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression, or loneliness.

0.277

(0.182-0.387)

Severe hearing loss due to pneumococcal meningitis Hearing loss, severe

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.158

(0.105-0.227)

Moderately severe hearing loss with ringing due to pneumococcal 

meningitis
Hearing loss, moderately severe, with ringing

(custom DW from hearing loss impairment 

envelope)
--

Severe hearing loss with ringing due to pneumococcal meningitis Hearing loss, severe, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation, and has annoying ringing in 

the ears for more than 5 minutes at a 

time, almost everyday. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.261

(0.175-0.360)

Severe vision impairment due to H influenza type B meningitis Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Mild motor impairment due to long term due to H influenzae type B 

meningitis
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Moderate vision impairment due to H influenza type B meningitis Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Blindness due to H influenzae type B meningitis Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Monocular distance vision loss due to H influenzae type B meningitis Distance vision, monocular
is blind in one eye and has difficulty 

judging distances

0.017

(0.009-0.029)

Complete hearing loss with ringing due to H influenzae type B 

meningitis
Hearing loss, complete, with ringing

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone, and has very annoying ringing in 

the ears for more than half of the day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression or loneliness.

0.316

(0.212-0.435)

Complete hearing loss due to H influenzae type B meningitis Hearing loss, complete

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone. Difficulties with communicating 

and relating to others often cause worry, 

depression or loneliness.

0.215

(0.144-0.307)

Acute H influenzae type B meningitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Mild behavioral problems due to H influenzae type B meningitis Attention deficit hyperactivity disorder

is hyperactive and has difficulty 

concentrating, remembering things, and 

completing tasks. 

0.045

(0.028-0.066)
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Moderate hearing loss due to H influenzae type B meningitis Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Moderate motor impairment due to H influenzae type B meningitis Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Mild intellectual disability due to H influenzae type B meningitis Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Mild hearing loss with ringing due to H influenzae type B meningitis Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Severe motor impairment due to H influenzae type B meningitis Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Moderate motor plus cognitive impairments due to H influenzae type B 

meningitis
Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Profound hearing loss with ringing due to H influenzae type B 

meningitis
Hearing loss, profound, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, has great difficulty hearing 

anything in any other situation, and has 

annoying ringing in the ears for more than 

5 minutes at a time, several times a day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression, or loneliness.

0.277

(0.182-0.387)

Profound hearing loss due to H influenzae type B meningitis Hearing loss, profound

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, and has great difficulty 

hearing anything in any other situation. 

Difficulties with communicating and 

relating to othersoften cause worry, 

depression, and loneliness.

0.204

(0.134-0.288)

Severe hearing loss with ringing due to H influenzae type B meningitis Hearing loss, severe, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation, and has annoying ringing in 

the ears for more than 5 minutes at a 

time, almost everyday. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.261

(0.175-0.360)

Severe hearing loss due to H influenzae type B meningitis Hearing loss, severe

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.158

(0.105-0.227)

Moderately severe hearing loss with ringing due to H influenzae type B 

meningitis
Hearing loss, moderately severe, with ringing

(custom DW from hearing loss impairment 

envelope)
--

Moderately severe hearing loss due to H influenzae type B meningitis Hearing loss, moderately severe
(custom DW from hearing loss impairment 

envelope)
--
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Moderate hearing loss with ringing due to H influenzae type B 

meningitis
Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Severe motor plus cognitive impairments due to H influenzae type B 

meningitis
Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Epilepsy due to H influenzae type B meningitis Epilepsy (combined DW) --

Mild hearing loss due to H influenzae type B meningitis Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Borderline intellectual disability due to H influenzae type B meningitis Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Mild motor plus cognitive impairments due to H influenzae type B 

meningitis
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild intellectual disability due to meningococcal meningitis Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Severe vision impairment due to meningococcal meningitis Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Mild hearing loss with ringing due to meningococcal meningitis Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Moderate hearing loss due to meningococcal meningitis Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Moderate hearing loss with ringing due to meningococcal meningitis Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Moderately severe hearing loss due to meningococcal meningitis Hearing loss, moderately severe
(custom DW from hearing loss impairment 

envelope)
--

Moderately severe hearing loss with ringing due to meningococcal 

meningitis
Hearing loss, moderately severe, with ringing

(custom DW from hearing loss impairment 

envelope)
--

Severe hearing loss due to meningococcal meningitis Hearing loss, severe

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.158

(0.105-0.227)

Acute meningococcal meningitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)
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Severe hearing loss with ringing due to meningococcal meningitis Hearing loss, severe, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation, and has annoying ringing in 

the ears for more than 5 minutes at a 

time, almost everyday. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.261

(0.175-0.360)

Profound hearing loss with ringing due to meningococcal meningitis Hearing loss, profound, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, has great difficulty hearing 

anything in any other situation, and has 

annoying ringing in the ears for more than 

5 minutes at a time, several times a day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression, or loneliness.

0.277

(0.182-0.387)

Complete hearing loss due to meningococcal meningitis Hearing loss, complete

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone. Difficulties with communicating 

and relating to others often cause worry, 

depression or loneliness.

0.215

(0.144-0.307)

Complete hearing loss with ringing due to meningococcal meningitis Hearing loss, complete, with ringing

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone, and has very annoying ringing in 

the ears for more than half of the day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression or loneliness.

0.316

(0.212-0.435)

Monocular distance vision loss due to meningococcal meningitis Distance vision, monocular
is blind in one eye and has difficulty 

judging distances

0.017

(0.009-0.029)

Blindness due to meningococcal meningitis Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Moderate vision impairment due to meningococcal meningitis Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Profound hearing loss due to meningococcal meningitis Hearing loss, profound

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, and has great difficulty 

hearing anything in any other situation. 

Difficulties with communicating and 

relating to othersoften cause worry, 

depression, and loneliness.

0.204

(0.134-0.288)

Mild behavioral problems due to meningococcal meningitis Attention deficit hyperactivity disorder

is hyperactive and has difficulty 

concentrating, remembering things, and 

completing tasks. 

0.045

(0.028-0.066)

Mild hearing loss due to meningococcal meningitis Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Severe motor plus cognitive impairments due to meningococcal 

meningitis
Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Mild motor plus cognitive impairments due to meningococcal 

meningitis
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)
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Borderline intellectual disability due to meningococcal meningitis Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Moderate motor impairment due to meningococcal meningitis Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe motor impairment due to meningococcal meningitis Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Moderate motor plus cognitive impairments due to meningococcal 

meningitis
Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Mild motor impairment due to long term due to meningococcal 

meningitis
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Epilepsy due to meningococcal meningitis Epilepsy (combined DW) --

Mild intellectual disability due to other bacterial meningitis Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Moderate motor impairment due to other bacterial meningitis Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe motor impairment due to other bacterial meningitis Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Moderate motor plus cognitive impairments due to other bacterial 

meningitis
Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Severe motor plus cognitive impairments due to other bacterial 

meningitis
Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Epilepsy due to other meningitis Epilepsy (combined DW) --

Blindness due to other bacterial meningitis Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Mild hearing loss due with ringing to other bacterial meningitis Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Mild hearing loss due to other bacterial meningitis Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Moderate hearing loss with ringing due to other bacterial meningitis Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Moderately severe hearing loss with ringing due to other bacterial 

meningitis
Hearing loss, moderately severe, with ringing

(custom DW from hearing loss impairment 

envelope)
--
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Severe hearing loss due to other bacterial meningitis Hearing loss, severe

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.158

(0.105-0.227)

Severe hearing loss with ringing due to other bacterial meningitis Hearing loss, severe, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation, and has annoying ringing in 

the ears for more than 5 minutes at a 

time, almost everyday. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.261

(0.175-0.360)

Profound hearing loss due to other bacterial meningitis Hearing loss, profound

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, and has great difficulty 

hearing anything in any other situation. 

Difficulties with communicating and 

relating to othersoften cause worry, 

depression, and loneliness.

0.204

(0.134-0.288)

Profound hearing loss with ringing due to other bacterial meningitis Hearing loss, profound, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, has great difficulty hearing 

anything in any other situation, and has 

annoying ringing in the ears for more than 

5 minutes at a time, several times a day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression, or loneliness.

0.277

(0.182-0.387)

Complete hearing loss due to other bacterial meningitis Hearing loss, complete

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone. Difficulties with communicating 

and relating to others often cause worry, 

depression or loneliness.

0.215

(0.144-0.307)

Complete hearing loss with ringing due to other bacterial meningitis Hearing loss, complete, with ringing

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone, and has very annoying ringing in 

the ears for more than half of the day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression or loneliness.

0.316

(0.212-0.435)

Moderate hearing loss due to other bacterial meningitis Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Moderately severe hearing loss due to other bacterial meningitis Hearing loss, moderately severe
(custom DW from hearing loss impairment 

envelope)
--

Other acute bacterial meningitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Severe vision impairment due to other bacterial meningitis Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Borderline intellectual disability due to other bacterial meningitis Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Moderate vision impairment due to other bacterial meningitis Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)
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Mild motor plus cognitive impairments due to other bacterial 

meningitis
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Monocular distance vision loss due to other bacterial meningitis Distance vision, monocular
is blind in one eye and has difficulty 

judging distances

0.017

(0.009-0.029)

Mild behavioral problems due to other bacterial meningitis Attention deficit hyperactivity disorder

is hyperactive and has difficulty 

concentrating, remembering things, and 

completing tasks. 

0.045

(0.028-0.066)

Acute viral meningitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Mild motor impairment due to long term due to other bacterial 

meningitis
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Severe vision impairment due to encephalitis Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Moderate vision impairment due to encephalitis Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Acute encephalitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Blindness due to encephalitis Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Epilepsy due to encephalitis Epilepsy (combined DW) --

Severe motor plus cognitive impairments due to encephalitis Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Moderate motor plus cognitive impairments due to encephalitis Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Moderate motor impairment due to encephalitis Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Monocular distance vision loss due to encephalitis Distance vision, monocular
is blind in one eye and has difficulty 

judging distances

0.017

(0.009-0.029)

Borderline intellectual disability due to encephalitis Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Mild motor plus cognitive impairments due to encephalitis Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild behavioral problems due to encephalitis Attention deficit hyperactivity disorder

is hyperactive and has difficulty 

concentrating, remembering things, and 

completing tasks. 

0.045

(0.028-0.066)

Severe motor impairment due to encephalitis Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Mild intellectual disability due to encephalitis Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Mild motor impairment due to long term due to encephalitis Motor impairment, mild
has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
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Severe diphtheria Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate diphtheria Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Whooping cough Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to neonatal tetanus

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Mild motor plus cognitive impairments due to neonatal tetanus Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Moderate motor plus cognitive impairment with blindness due to 

neonatal tetanus

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Mild motor impairment due to neonatal tetanus Motor impairment, mild
has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Severe motor impairment with epilepsy due to neonatal tetanus Severe motor impairment with epilepsy (combined DW) --

Severe motor impairment with blindness and epilepsy due to neonatal 

tetanus

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Severe motor impairment with blindness due to neonatal tetanus Severe motor impairment with blindness (combined DW) --

Moderate motor impairment with epilepsy due to neonatal tetanus Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment with blindness and epilepsy due to 

neonatal tetanus

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor impairment with blindness due to neonatal tetanus Moderate motor impairment with blindness (combined DW) --

Moderate motor impairment due to neonatal tetanus Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe motor plus cognitive impairment with epilepsy due to neonatal 

tetanus

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to neonatal tetanus

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness due to neonatal 

tetanus

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

neonatal tetanus

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor impairment due to neonatal tetanus Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Severe tetanus Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate measles Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe measles Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Chickenpox Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Herpes zoster Herpes zoster
has a blistering skin rash that causes pain, 

with some burning and itching.

0.058

(0.035-0.090)

Moderate acute hepatitis A Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe acute hepatitis A Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Asymptomatic acute hepatitis A -- -- --

Moderate acute hepatitis B Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe acute hepatitis B Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Asymptomatic acute hepatitis B -- -- --

Asymptomatic acute hepatitis C -- -- --
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Severe acute hepatitis C Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate acute hepatitis C Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Asymptomatic acute hepatitis E -- -- --

Severe acute hepatitis E Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate acute hepatitis E Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Guillain-Barré syndrome due to other infectious diseases Spinal cord lesion below neck level (treated)

is paralyzed from the waist down, cannot 

feel or move the legs and has difficulties 

with urine and bowel control.  The person 

uses a wheelchair to move around.

0.296

(0.198-0.414)

Mild anemia due to other infectious diseases Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate anemia due to other infectious diseases Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Severe anemia due to other infectious diseases Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Other infectious diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Severe anemia due to maternal hemorrhage Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to maternal hemorrhage Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Maternal hemorrhage (> 1L blood lost) Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Maternal hemorrhage (< 1L blood lost) Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Mild anemia due to maternal hemorrhage Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Other maternal infections Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Puerperal sepsis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Infertility due to puerperal sepsis Infertility, secondary

has at least one child, and wants to have 

more children. The person has a fertile 

partner, but the couple cannot conceive. 

0.005

(0.002-0.011)

Severe pre-eclampsia
Moderate abdominal pain, tension-type headaches, 

mild motor plus cognitive impairment
(combined DW) --

Eclampsia Moderate abdominal pain and severe epilepsy (combined DW) --

Long term sequelae of severe pre-eclampsia
Tension-type headaches, mild motor plus cognitive 

impairment
(combined DW) --

Other hypertensive disorders of pregnancy
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Long term sequelae of eclampsia
Tension-type headaches, mild motor plus cognitive 

impairment
(combined DW) --

Obstructed labor, acute event Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)
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Rectovaginal fistula Rectovaginal fistula

has an abnormal opening between her 

vagina and rectum causing flatulence and 

feces to escape through the vagina. The 

person gets infections in her vagina, and 

has pain when urinating. 

0.501

(0.339-0.657)

Vesicovaginal fistula Vesicovaginal fistula

has an abnormal opening between the 

bladder and the vagina, which makes her 

unable to control urinating. The woman is 

anxious and depressed.

0.342

(0.227-0.478)

Maternal abortive outcome Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Ectopic Pregnancy Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Other maternal disorders
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Mild motor impairment due to neonatal preterm birth complications 32-

36wks
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
Severe motor plus cognitive impairment with epilepsy due to neonatal 

preterm birth complications 32-36wks

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor impairment with epilepsy due to neonatal preterm birth 

complications 28-32wks
Severe motor impairment with epilepsy (combined DW) --

Severe motor impairment with epilepsy due to neonatal preterm birth 

complications <28wks
Severe motor impairment with epilepsy (combined DW) --

Severe motor impairment with epilepsy due to neonatal preterm birth 

complications 32-36wks
Severe motor impairment with epilepsy (combined DW) --

Severe motor impairment with blindness and epilepsy due to neonatal 

preterm birth complications 32-36wks

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Severe motor impairment with blindness and epilepsy due to neonatal 

preterm birth complications 28-32wks

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Mild vision impairment due to retinopathy of prematurity Distance vision, mild impairment

has some difficulty with distance vision, 

for example reading signs, but no other 

problems with eyesight.

0.003

(0.001-0.007)

Severe motor impairment with blindness due to neonatal preterm birth 

complications 32-36wks 
Severe motor impairment with blindness (combined DW) --

Severe motor impairment with blindness due to neonatal preterm birth 

complications <28wks 
Severe motor impairment with blindness (combined DW) --

Severe motor impairment with blindness due to neonatal preterm birth 

complications 28-32wks 
Severe motor impairment with blindness (combined DW) --

Severe motor impairment due to neonatal preterm birth complications 

28-32wks
Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Severe motor impairment due to neonatal preterm birth complications 

32-36wks
Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Severe motor impairment due to neonatal preterm birth complications 

<28wks
Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Moderate motor impairment with epilepsy due to neonatal preterm 

birth complications <28wks
Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment with epilepsy due to neonatal preterm 

birth complications 28-32wks
Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment with epilepsy due to neonatal preterm 

birth complications 32-36wks
Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment with blindness and epilepsy due to 

neonatal preterm birth complications <28wks

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor impairment with blindness and epilepsy due to 

neonatal preterm birth complications 28-32wks

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Asymptomatic retinopathy of prematurity -- -- --

Blindness due to retinopathy of prematurity Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Mild motor impairment due to neonatal preterm birth complications 

<28wks
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
Mild motor impairment due to neonatal preterm birth complications 28-

32wks
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
Moderate motor plus cognitive impairment with blindness due to 

neonatal preterm birth complications 28-32wks

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor plus cognitive impairment with blindness due to 

neonatal preterm birth complications <28wks

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --
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Moderate motor plus cognitive impairment with blindness due to 

neonatal preterm birth complications 32-36wks

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to neonatal preterm birth complications 32-36wks

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to neonatal preterm birth complications <28wks

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to neonatal preterm birth complications 28-32wks

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

neonatal preterm birth complications 32-36wks

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

neonatal preterm birth complications <28wks

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor impairment with blindness and epilepsy due to 

neonatal preterm birth complications 32-36wks

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

neonatal preterm birth complications 28-32wks

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Asymptomatic neonatal preterm birth 32-<37wks -- -- --

Asymptomatic neonatal preterm birth 28-<32 wks -- -- --

Asymptomatic neonatal preterm birth <28 weeks -- -- --

Severe vision impairment due to retinopathy of prematurity Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Moderate vision impairment due to retinopathy of prematurity Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Mild motor plus cognitive impairments due to neonatal preterm birth 

complications 32-36wks
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild motor plus cognitive impairments due to neonatal preterm birth 

complications 28-32wks
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild motor plus cognitive impairments due to neonatal preterm birth 

complications <28wks
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Severe motor plus cognitive impairment with blindness due to neonatal 

preterm birth complications 28-32wks

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor impairment with blindness due to neonatal preterm 

birth complications 32-36wks
Moderate motor impairment with blindness (combined DW) --

Severe motor impairment with blindness and epilepsy due to neonatal 

preterm birth complications <28wks

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor impairment with blindness due to neonatal preterm 

birth complications <28wks
Moderate motor impairment with blindness (combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to neonatal preterm birth complications 32-36wks

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to neonatal preterm birth complications <28wks

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Moderate motor impairment with blindness due to neonatal preterm 

birth complications 28-32wks
Moderate motor impairment with blindness (combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to neonatal preterm birth complications 28-32wks

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness due to neonatal 

preterm birth complications <28wks

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor plus cognitive impairment with blindness due to neonatal 

preterm birth complications 32-36wks

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor plus cognitive impairment with epilepsy due to neonatal 

preterm birth complications <28wks

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor impairment due to neonatal preterm birth 

complications 32-36wks
Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)
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Moderate motor impairment due to neonatal preterm birth 

complications <28wks
Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Moderate motor impairment due to neonatal preterm birth 

complications 28-32wks
Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe motor plus cognitive impairment with epilepsy due to neonatal 

preterm birth complications 28-32wks

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor plus cognitive impairment with epilepsy due to neonatal 

encephalopathy due to birth asphyxia and trauma

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness due to 

neonatal encephalopathy due to birth asphyxia and trauma

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

neonatal encephalopathy due to birth asphyxia and trauma

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness due to neonatal 

encephalopathy due to birth asphyxia and trauma

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to neonatal encephalopathy due to birth asphyxia and trauma

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Moderate motor impairment due to neonatal encephalopathy due to 

birth asphyxia and trauma
Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Moderate motor impairment with blindness due to neonatal 

encephalopathy due to birth asphyxia and trauma
Moderate motor impairment with blindness (combined DW) --

Moderate motor impairment with epilepsy due to neonatal 

encephalopathy due to birth asphyxia and trauma
Moderate motor impairment with epilepsy (combined DW) --

Mild motor impairment due to neonatal encephalopathy due to birth 

asphyxia and trauma
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Severe motor impairment due to neonatal encephalopathy due to birth 

asphyxia and trauma
Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Severe motor impairment with blindness due to neonatal 

encephalopathy due to birth asphyxia and trauma 
Severe motor impairment with blindness (combined DW) --

Severe motor impairment with blindness and epilepsy due to neonatal 

encephalopathy due to birth asphyxia and trauma

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Severe motor impairment with epilepsy due to neonatal encephalopathy 

due to birth asphyxia and trauma
Severe motor impairment with epilepsy (combined DW) --

Asymptomatic neonatal encephalopathy due to birth asphyxia and 

trauma 
-- -- --

Moderate motor impairment with blindness and epilepsy due to 

neonatal encephalopathy due to birth asphyxia and trauma

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Mild motor plus cognitive impairments due to neonatal encephalopathy 

due to birth asphyxia and trauma
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to neonatal encephalopathy due to birth asphyxia and trauma

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Asymptomatic neonatal sepsis and other neonatal infections -- -- --

Moderate motor impairment due to neonatal sepsis and other neonatal 

infections
Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe infection due to neonatal sepsis and other neonatal infections Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Moderate motor impairment with blindness due to neonatal sepsis and 

other neonatal infections
Moderate motor impairment with blindness (combined DW) --

Moderate motor impairment with epilepsy due to neonatal sepsis and 

other neonatal infections
Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment with blindness and epilepsy due to 

neonatal sepsis and other neonatal infections

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness due to 

neonatal sepsis and other neonatal infections

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

neonatal sepsis and other neonatal infections

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to neonatal sepsis and other neonatal infections

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

1043



Appendix Table 5. GBD 2017 sequelae, health states, health state lay descriptions, and disability weights

Severe motor impairment due to neonatal sepsis and other neonatal 

infections
Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Mild motor plus cognitive impairments due to neonatal sepsis and other 

neonatal infections
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild motor impairment due to neonatal sepsis and other neonatal 

infections
Motor impairment, mild

has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
Severe motor impairment with epilepsy due to neonatal sepsis and other 

neonatal infections
Severe motor impairment with epilepsy (combined DW) --

Severe motor impairment with blindness and epilepsy due to neonatal 

sepsis and other neonatal infections

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness due to neonatal 

sepsis and other neonatal infections

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor plus cognitive impairment with epilepsy due to neonatal 

sepsis and other neonatal infections

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to neonatal sepsis and other neonatal infections

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Severe motor impairment with blindness due to neonatal sepsis and 

other neonatal infections  
Severe motor impairment with blindness (combined DW) --

Moderate motor plus cognitive impairment with epilepsy due to 

hemolytic disease and other neonatal jaundice

Moderate motor plus cognitive impairment with 

epilepsy
(combined DW) --

Severe motor plus cognitive impairment with blindness and epilepsy 

due to hemolytic disease and other neonatal jaundice

Severe motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Severe motor plus cognitive impairment with epilepsy due to hemolytic 

disease and other neonatal jaundice

Severe motor plus cognitive impairment with 

epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness and epilepsy 

due to hemolytic disease and other neonatal jaundice

Moderate motor plus cognitive impairment with 

blindness and epilepsy
(combined DW) --

Moderate motor plus cognitive impairment with blindness due to 

hemolytic disease and other neonatal jaundice

Moderate motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor impairment severe due to hemolytic disease and other 

neonatal jaundice
Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Severe motor impairment with blindness due to hemolytic disease and 

other neonatal jaundice 
Severe motor impairment with blindness (combined DW) --

Severe motor plus cognitive impairment with blindness due to 

hemolytic disease and other neonatal jaundice

Severe motor plus cognitive impairment with 

blindness
(combined DW) --

Severe motor impairment with epilepsy due to hemolytic disease and 

other neonatal jaundice
Severe motor impairment with epilepsy (combined DW) --

Moderate motor impairment with epilepsy due to hemolytic disease and 

other neonatal jaundice
Moderate motor impairment with epilepsy (combined DW) --

Moderate motor impairment with blindness and epilepsy due to 

hemolytic disease and other neonatal jaundice

Moderate motor impairment with blindness and 

epilepsy
(combined DW) --

Moderate motor impairment with blindness due to hemolytic disease 

and other neonatal jaundice
Moderate motor impairment with blindness (combined DW) --

Moderate motor impairment due to hemolytic disease and other 

neonatal jaundice
Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe motor impairment with blindness and epilepsy due to hemolytic 

disease and other neonatal jaundice

Severe motor impairment with blindness and 

epilepsy
(combined DW) --

Other neonatal disorders
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Moderate wasting without edema -- -- --

Severe wasting with edema Kwashiorkor and severe wasting (combined DW) --

Moderate wasting with edema Kwashiorkor is very tired and irritable and has diarrhea. 
0.051

(0.031-0.079)

Severe wasting without edema Severe wasting is extremely skinny and has no energy. 
0.128

(0.082-0.183)

Visible goiter without symptoms Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Visible goiter with severe intellectual disability due to iodine 

deficiency

Intellectual disability / mental retardation, severe 

and Iodine-deficiency goiter
(combined DW) --

Visible goiter with profound intellectual disability due to iodine 

deficiency

Intellectual disability / mental retardation, 

profound and Iodine-deficiency goiter
(combined DW) --
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Severe vision impairment loss due to vitamin A deficiency Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to vitamin A deficiency Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance.

0.187

(0.124-0.260)

Asymptomatic vitamin A deficiency -- -- --

Vitamin A deficiency with mild anemia Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Vitamin A deficiency with moderate anemia Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Vitamin A deficiency with severe anemia Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate vision impairment loss due to vitamin A deficiency Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Severe iron-deficiency anemia Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate iron-deficiency anemia Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild iron-deficiency anemia Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Other nutritional deficiencies
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Terminal phase of mouth cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Controlled phase of mouth cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of mouth cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Metastatic phase of mouth cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of nasopharynx cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of nasopharynx cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of nasopharynx cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of nasopharynx cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of other pharynx cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Controlled phase of other pharynx cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of other pharynx cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)
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Metastatic phase of other pharynx cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of esophageal cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of esophageal cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of esophageal cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of esophageal cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Diagnosis and primary therapy phase of stomach cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of stomach cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of stomach cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of stomach cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of colon and rectum cancers Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of colon and rectum cancers
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Stoma due to colon and rectum cancer Stoma and generic medication (combined DW) --

Controlled phase of colon and rectum cancers
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of colon and rectum cancers Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of liver cancer due to hepatitis B
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of liver cancer due to hepatitis B Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of liver cancer due to hepatitis B
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of liver cancer due to hepatitis B Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Diagnosis and primary therapy phase of liver cancer due to hepatitis C Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of liver cancer due to hepatitis C
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of liver cancer due to hepatitis C Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of liver cancer due to hepatitis C
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Terminal phase of liver cancer due to alcohol use
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)
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Metastatic phase of liver cancer due to alcohol use Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of liver cancer due to alcohol use
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of liver cancer due to alcohol use Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of liver cancer due to NASH
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of liver cancer due to NASH Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Metastatic phase of liver cancer due to NASH Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of liver cancer due to NASH
Terminal phase, without medication (for cancers, 

end-stage kidney/liver disease)

has lost a lot of weight and has constant 

pain. The person has no appetite, feels 

nauseous, and needs to spend most of the 

day in bed.

0.569

(0.389-0.727)

Terminal phase of liver cancer due to other causes
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of liver cancer due to other causes Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of liver cancer due to other causes Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of liver cancer due to other causes
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Controlled phase of gallbladder and biliary tract cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Terminal phase of gallbladder and biliary tract cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of gallbladder and biliary tract cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)
Diagnosis and primary therapy phase of gallbladder and biliary tract 

cancer
Cancer, diagnosis and primary therapy 

has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of pancreatic cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of pancreatic cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of pancreatic cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of pancreatic cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of larynx cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Laryngectomy due to larynx cancer Speech problems and generic medication (combined DW) --

Diagnosis and primary therapy phase of larynx cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of larynx cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of larynx cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)
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Controlled phase of lung, bronchus, and trachea cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of lung, bronchus, and trachea cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of lung, bronchus, and trachea cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Diagnosis and primary therapy phase of lung, bronchus, and trachea 

cancer
Cancer, diagnosis and primary therapy 

has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of malignant skin melanoma
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Terminal phase of malignant skin melanoma
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of malignant skin melanoma Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of malignant skin melanoma Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Mild disfigurement due to squamous cell carcinoma Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Severe disfigurement due to squamous cell carcinoma Disfigurement, level 3, with itch/pain

has an obvious physical deformity that is 

very painful and itchy. The physical 

deformity makes others uncomfortable, 

which causes the person to avoid social 

contact,  feel worried, sleep poorly, and 

think about suicide.

0.576

(0.401-0.731)

Moderate disfigurement due to squamous cell carcinoma Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Disfigurement due to basal cell carcinoma Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Diagnosis and primary therapy phase of breast cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of breast cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Mastectomy due to breast cancer Mastectomy and generic medication (combined DW) --

Terminal phase of breast cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of breast cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of cervical cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Controlled phase of cervical cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of cervical cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of cervical cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Diagnosis and primary therapy phase of uterine cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)
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Controlled phase of uterine cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of uterine cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of uterine cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Diagnosis and primary therapy phase of ovarian cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of ovarian cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of ovarian cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of ovarian cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Impotence due to prostate cancer Impotence and generic medication (combined DW) --

Terminal phase of prostate cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of prostate cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of prostate cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of prostate cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Incontinence due to prostate cancer Incontinence and generic medication (combined DW) --

Controlled phase of testicular cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of testicular cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of testicular cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of testicular cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Metastatic phase of kidney cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of kidney cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Controlled phase of kidney cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of kidney cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Urinary incontinence due to bladder cancer Incontinence and generic medication (combined DW) --

Terminal phase of bladder cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)
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Metastatic phase of bladder cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of bladder cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of bladder cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of brain and nervous system cancers
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of brain and nervous system cancers Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of brain and nervous system cancers
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of brain and nervous system 

cancers
Cancer, diagnosis and primary therapy 

has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of thyroid cancer
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of thyroid cancer Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of thyroid cancer
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of thyroid cancer Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Metastatic phase of mesothelioma Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of mesothelioma Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of mesothelioma
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Controlled phase of mesothelioma
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Controlled phase of Hodgkin disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of Hodgkin disease Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of Hodgkin disease
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of Hodgkin disease Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of non-Hodgkin lymphoma Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of non-Hodgkin lymphoma
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of non-Hodgkin lymphoma Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of non-Hodgkin lymphoma
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)
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Diagnosis and primary therapy phase of multiple myeloma Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of multiple myeloma
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of multiple myeloma Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of multiple myeloma
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Terminal phase of acute lymphoid leukemia
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of acute lymphoid leukemia Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of acute lymphoid leukemia Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of acute lymphoid leukemia
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of chronic lymphoid leukemia Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of chronic lymphoid leukemia
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of chronic lymphoid leukemia Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of chronic lymphoid leukemia
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Controlled phase of acute myeloid leukemia
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of acute myeloid leukemia Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of acute myeloid leukemia
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Diagnosis and primary therapy phase of acute myeloid leukemia Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Terminal phase of chronic myeloid leukemia
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Metastatic phase of chronic myeloid leukemia Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Controlled phase of chronic myeloid leukemia
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diagnosis and primary therapy phase of chronic myeloid leukemia Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of other leukemia
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)
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Terminal phase of other leukemia
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Diagnosis and primary therapy phase of other leukemia Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Metastatic phase of other leukemia Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Diagnosis and primary therapy phase of other malignant neoplasms Cancer, diagnosis and primary therapy 
has pain, nausea, fatigue, weight loss and 

high anxiety.

0.288

(0.193-0.399)

Controlled phase of other malignant neoplasms
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Metastatic phase of other malignant neoplasms Cancer, metastatic
has severe pain, extreme fatigue, weight 

loss and high anxiety.

0.451

(0.307-0.600)

Terminal phase of other malignant neoplasms
Terminal phase, with medication (for cancers, end-

stage kidney/liver disease)

has lost a lot of weight and regularly uses 

strong medication to avoid constant pain. 

The person has no appetite, feels nauseous, 

and needs to spend most of the day in bed.

0.540

(0.377-0.687)

Myelodysplastic, myeloproliferative, and other hematopoietic 

neoplasms

Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Benign and in situ intestinal neoplasms -- -- --

Benign and in situ cervical and uterine neoplasms -- -- --

Other benign and in situ neoplasms -- -- --

Rheumatic heart disease, without heart failure 
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Mild heart failure due to rheumatic heart disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Moderate heart failure due to rheumatic heart disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Severe heart failure due to rheumatic heart disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to rheumatic heart disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Acute myocardial infarction 3 to 28 days Acute myocardial infarction, days 3-28

gets short of breath after heavy physical 

activity, and tires easily, but has no 

problems when at rest.  The person has to 

take medication every day and has some 

anxiety.

0.074

(0.049-0.105)

Severe angina due to ischemic heart disease Angina pectoris,  severe

has chest pain that occurs with minimal 

physical activity, such as walking only a 

short distance. After a brief rest,  the pain 

goes away. The person avoids most 

physical activities because of the pain.

0.167

(0.110-0.240)

Acute myocardial infarction first 2 days Acute myocardial infarction, days 1-2

has severe chest pain that becomes worse 

with any physical activity,.  The person 

feels nauseous, short of breath, and very 

anxious.

0.432

(0.288-0.579)

Mild heart failure due to ischemic heart disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)
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Moderate heart failure due to ischemic heart disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Severe heart failure due to ischemic heart disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Asymptomatic angina due to ischemic heart disease -- -- --

Asymptomatic ischemic heart disease following myocardial infarction -- -- --

Treated heart failure due ischemic heart disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Moderate angina due to ischemic heart disease Angina pectoris,  moderate

has chest pain that occurs with moderate 

physical activity, such as walking uphill or 

more than half a kilometer (around a 

quarter-mile) on level ground. After a 

brief rest,  the pain goes away.

0.080

(0.052-0.113)

Mild angina due to ischemic heart disease Angina pectoris,  mild

has chest pain that occurs with strenuous 

physical activity, such as running or lifting 

heavy objects. After a brief rest,  the pain 

goes away.

0.033

(0.020-0.052)

Acute ischemic stroke severity level 2 Stroke, long-term consequences, moderate

has some difficulty in moving around, and 

in using the hands for lifting and holding 

things, dressing and grooming.

0.070

(0.046-0.099)

Acute ischemic stroke severity level 1 Stroke, long-term consequences, mild

has some difficulty in moving around and 

some weakness in one hand, but is able to 

walk without help.

0.019

(0.010-0.032)

Acute ischemic stroke severity level 4 Stroke, long-term consequences, severe

is confined to bed or a wheelchair,  has 

difficulty speaking and depends on others 

for feeding, toileting and dressing.

0.552

(0.377-0.707)

Acute ischemic stroke severity level 3
Stroke, long-term consequences, moderate plus 

cognition problems

has some difficulty in moving around, in 

using the hands for lifting and holding 

things, dressing and grooming, and in 

speaking. The person is often forgetful and 

confused.

0.316

(0.206-0.437)

Acute ischemic stroke severity level 5
Stroke, long-term consequences, severe plus 

cognition problems

is confined to bed or a wheelchair,  

depends on others for feeding, toileting 

and dressing, and has difficulty speaking, 

thinking clearly and remembering things.

0.588

(0.411-0.744)

Chronic ischemic stroke severity level 1 Stroke, long-term consequences, mild

has some difficulty in moving around and 

some weakness in one hand, but is able to 

walk without help.

0.019

(0.010-0.032)

Chronic ischemic stroke severity level 2 Stroke, long-term consequences, moderate

has some difficulty in moving around, and 

in using the hands for lifting and holding 

things, dressing and grooming.

0.070

(0.046-0.099)

Chronic ischemic stroke severity level 4 Stroke, long-term consequences, severe

is confined to bed or a wheelchair,  has 

difficulty speaking and depends on others 

for feeding, toileting and dressing.

0.552

(0.377-0.707)

Chronic ischemic stroke severity level 3
Stroke, long-term consequences, moderate plus 

cognition problems

has some difficulty in moving around, in 

using the hands for lifting and holding 

things, dressing and grooming, and in 

speaking. The person is often forgetful and 

confused.

0.316

(0.206-0.437)

Chronic ischemic stroke severity level 5
Stroke, long-term consequences, severe plus 

cognition problems

is confined to bed or a wheelchair,  

depends on others for feeding, toileting 

and dressing, and has difficulty speaking, 

thinking clearly and remembering things.

0.588

(0.411-0.744)

Asymptomatic chronic ischemic stroke -- -- --

Acute intracerebral hemorrhage severity level 1 Stroke, long-term consequences, mild

has some difficulty in moving around and 

some weakness in one hand, but is able to 

walk without help.

0.019

(0.010-0.032)

Acute intracerebral hemorrhage severity level 4 Stroke, long-term consequences, severe

is confined to bed or a wheelchair,  has 

difficulty speaking and depends on others 

for feeding, toileting and dressing.

0.552

(0.377-0.707)

Acute intracerebral hemorrhage severity level 5
Stroke, long-term consequences, severe plus 

cognition problems

is confined to bed or a wheelchair,  

depends on others for feeding, toileting 

and dressing, and has difficulty speaking, 

thinking clearly and remembering things.

0.588

(0.411-0.744)
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Acute intracerebral hemorrhage severity level 3
Stroke, long-term consequences, moderate plus 

cognition problems

has some difficulty in moving around, in 

using the hands for lifting and holding 

things, dressing and grooming, and in 

speaking. The person is often forgetful and 

confused.

0.316

(0.206-0.437)

Acute intracerebral hemorrhage severity level 2 Stroke, long-term consequences, moderate

has some difficulty in moving around, and 

in using the hands for lifting and holding 

things, dressing and grooming.

0.070

(0.046-0.099)

Chronic intracerebral hemorrhage severity level 2 Stroke, long-term consequences, moderate

has some difficulty in moving around, and 

in using the hands for lifting and holding 

things, dressing and grooming.

0.070

(0.046-0.099)

Chronic intracerebral hemorrhage severity level 4 Stroke, long-term consequences, severe

is confined to bed or a wheelchair,  has 

difficulty speaking and depends on others 

for feeding, toileting and dressing.

0.552

(0.377-0.707)

Asymptomatic chronic intracerebral hemorrhage -- -- --

Chronic intracerebral hemorrhage severity level 5
Stroke, long-term consequences, severe plus 

cognition problems

is confined to bed or a wheelchair,  

depends on others for feeding, toileting 

and dressing, and has difficulty speaking, 

thinking clearly and remembering things.

0.588

(0.411-0.744)

Chronic intracerebral hemorrhage severity level 3
Stroke, long-term consequences, moderate plus 

cognition problems

has some difficulty in moving around, in 

using the hands for lifting and holding 

things, dressing and grooming, and in 

speaking. The person is often forgetful and 

confused.

0.316

(0.206-0.437)

Chronic intracerebral hemorrhage severity level 1 Stroke, long-term consequences, mild

has some difficulty in moving around and 

some weakness in one hand, but is able to 

walk without help.

0.019

(0.010-0.032)

Acute subarachnoid hemorrhage severity level 1 Stroke, long-term consequences, mild

has some difficulty in moving around and 

some weakness in one hand, but is able to 

walk without help.

0.019

(0.010-0.032)

Acute subarachnoid hemorrhage severity level 2 Stroke, long-term consequences, moderate

has some difficulty in moving around, and 

in using the hands for lifting and holding 

things, dressing and grooming.

0.070

(0.046-0.099)

Acute subarachnoid hemorrhage severity level 3
Stroke, long-term consequences, moderate plus 

cognition problems

has some difficulty in moving around, in 

using the hands for lifting and holding 

things, dressing and grooming, and in 

speaking. The person is often forgetful and 

confused.

0.316

(0.206-0.437)

Acute subarachnoid hemorrhage severity level 4 Stroke, long-term consequences, severe

is confined to bed or a wheelchair,  has 

difficulty speaking and depends on others 

for feeding, toileting and dressing.

0.552

(0.377-0.707)

Acute subarachnoid hemorrhage severity level 5
Stroke, long-term consequences, severe plus 

cognition problems

is confined to bed or a wheelchair,  

depends on others for feeding, toileting 

and dressing, and has difficulty speaking, 

thinking clearly and remembering things.

0.588

(0.411-0.744)

Asymptomatic chronic subarachnoid hemorrhage -- -- --

Chronic subarachnoid hemorrhage severity level 1 Stroke, long-term consequences, mild

has some difficulty in moving around and 

some weakness in one hand, but is able to 

walk without help.

0.019

(0.010-0.032)

Chronic subarachnoid hemorrhage severity level 2 Stroke, long-term consequences, moderate

has some difficulty in moving around, and 

in using the hands for lifting and holding 

things, dressing and grooming.

0.070

(0.046-0.099)

Chronic subarachnoid hemorrhage severity level 3
Stroke, long-term consequences, moderate plus 

cognition problems

has some difficulty in moving around, in 

using the hands for lifting and holding 

things, dressing and grooming, and in 

speaking. The person is often forgetful and 

confused.

0.316

(0.206-0.437)

Chronic subarachnoid hemorrhage severity level 5
Stroke, long-term consequences, severe plus 

cognition problems

is confined to bed or a wheelchair,  

depends on others for feeding, toileting 

and dressing, and has difficulty speaking, 

thinking clearly and remembering things.

0.588

(0.411-0.744)

Chronic subarachnoid hemorrhage severity level 4 Stroke, long-term consequences, severe

is confined to bed or a wheelchair,  has 

difficulty speaking and depends on others 

for feeding, toileting and dressing.

0.552

(0.377-0.707)

Treated heart failure due to hypertensive heart disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe heart failure due to hypertensive heart disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)
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Moderate heart failure due to hypertensive heart disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild heart failure due to hypertensive heart disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Calcific aortic valve disease after treatment
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Mild heart failure due to calcific aortic valve disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Moderate heart failure due to calcific aortic valve disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Severe heart failure due to calcific aortic valve disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to calcific aortic valve disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Asymptomatic calcific aortic valve disease -- -- --

Degenerative mitral valve disease after treatment
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Treated heart failure due to degenerative mitral valve disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe heart failure due to degenerative mitral valve disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Moderate heart failure due to degenerative mitral valve disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild heart failure due to degenerative mitral valve disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Asymptomatic degenerative mitral valve disease -- -- --

Severe heart failure due to other non-rheumatic valve disease Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to other non-rheumatic valve disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)
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Mild heart failure due to other non-rheumatic valve disease Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Moderate heart failure due to other non-rheumatic valve disease Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Acute myocarditis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Mild heart failure due to myocarditis Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Severe heart failure due to myocarditis Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Moderate heart failure due to myocarditis Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Treated heart failure due to myocarditis
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe heart failure due to alcoholic cardiomyopathy Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Mild heart failure due to alcoholic cardiomyopathy Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Treated heart failure due to alcoholic cardiomyopathy
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Moderate heart failure due to alcoholic cardiomyopathy Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Treated heart failure due to other cardiomyopathy
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe heart failure due to other cardiomyopathy Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Moderate heart failure due to other cardiomyopathy Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild heart failure due to other cardiomyopathy Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)
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Symptomatic atrial fibrillation and flutter
Cardiac conduction disorders and cardiac 

dysrhythmias

has periods of rapid and irregular 

heartbeats and occasional fainting. 

0.224

(0.151-0.312)

Asymptomatic atrial fibrillation and flutter -- -- --

Symptomatic claudication due to peripheral vascular disease Claudication

has cramping pains in the legs after 

walking a medium distance. The pain goes 

away after a short rest.

0.014

(0.007-0.025)

Asymptomatic peripheral vascular disease -- -- --

Severe heart failure due to endocarditis Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to endocarditis
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe endocarditis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Mild heart failure due to endocarditis Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Moderate endocarditis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Moderate heart failure due to endocarditis Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild heart failure due to other cardiovascular diseases Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Asymptomatic other cardiovascular diseases -- -- --

Mild other cardiovascular diseases Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Moderate other cardiovascular diseases Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Severe other cardiovascular diseases Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to other cardiovascular disease
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe heart failure due to other cardiovascular diseases Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Moderate heart failure due to other cardiovascular diseases Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Treated heart failure due to severe chronic obstructive pulmonary 

disease

COPD and other chronic respiratory problems, 

severe and generic uncomplicated disease: worry 

and daily medication

(combined DW) --
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Severe chronic obstructive pulmonary disease without heart failure
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Severe heart failure due to severe chronic obstructive pulmonary 

disease

Severe COPD and other chronic respiratory, with 

severe heart failure
-- --

Mild heart failure due to severe chronic obstructive pulmonary disease
Severe COPD and other chronic respiratory, with 

mild heart failure
-- --

Asymptomatic chronic obstructive pulmonary disease -- -- --

Moderate chronic obstructive pulmonary disease
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Mild chronic obstructive pulmonary disease COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Moderate heart failure due to severe chronic obstructive pulmonary 

disease

Severe COPD and other chronic respiratory, with 

moderate heart failure
-- --

Moderate silicosis
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Mild heart failure due to severe silicosis
Severe COPD and other chronic respiratory, with 

mild heart failure
-- --

Moderate heart failure due to severe silicosis
Severe COPD and other chronic respiratory, with 

moderate heart failure
-- --

Severe heart failure due to severe silicosis
Severe COPD and other chronic respiratory, with 

severe heart failure
-- --

Severe silicosis without heart failure
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Treated heart failure due to severe silicosis

COPD and other chronic respiratory problems, 

severe and generic uncomplicated disease: worry 

and daily medication

(combined DW) --

Mild silicosis COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Asymptomatic silicosis -- -- --

Moderate heart failure due to severe asbestosis
Severe COPD and other chronic respiratory, with 

moderate heart failure
-- --

Mild asbestosis COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Mild heart failure due to severe asbestosis
Severe COPD and other chronic respiratory, with 

mild heart failure
-- --

Severe heart failure due to severe asbestosis
Severe COPD and other chronic respiratory, with 

severe heart failure
-- --

Asymptomatic asbestosis -- -- --

Moderate asbestosis
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Treated heart failure due to severe asbestosis

COPD and other chronic respiratory problems, 

severe and generic uncomplicated disease: worry 

and daily medication

(combined DW) --

Severe asbestosis without heart failure
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Moderate coal workers pneumoconiosis
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Asymptomatic coal workers pneumoconiosis -- -- --

Mild heart failure due to severe coal workers pneumoconiosis
Severe COPD and other chronic respiratory, with 

mild heart failure
-- --

Moderate heart failure due to severe coal workers pneumoconiosis
Severe COPD and other chronic respiratory, with 

moderate heart failure
-- --
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Severe heart failure due to severe coal workers pneumoconiosis
Severe COPD and other chronic respiratory, with 

severe heart failure
-- --

Severe coal workers pneumoconiosis without heart failure
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Treated heart failure due to severe coal workers pneumoconiosis

COPD and other chronic respiratory problems, 

severe and generic uncomplicated disease: worry 

and daily medication

(combined DW) --

Mild coal workers pneumoconiosis COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Severe other pneumoconiosis without heart failure
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Severe heart failure due to severe other pneumoconiosis
Severe COPD and other chronic respiratory, with 

severe heart failure
-- --

Moderate heart failure due to severe other pneumoconiosis
Severe COPD and other chronic respiratory, with 

moderate heart failure
-- --

Treated heart failure due to severe other pneumoconiosis

COPD and other chronic respiratory problems, 

severe and generic uncomplicated disease: worry 

and daily medication

(combined DW) --

Mild heart failure due to severe other pneumoconiosis
Severe COPD and other chronic respiratory, with 

mild heart failure
-- --

Asymptomatic other pneumoconiosis -- -- --

Mild other pneumoconiosis COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Moderate other pneumoconiosis
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Partially controlled asthma Asthma, partially controlled

has wheezing and cough once a week, 

which causes some difficulty with daily 

activities.

0.036

(0.022-0.055)

Uncontrolled asthma Asthma, uncontrolled

has wheezing, cough and shortness of 

breath more than twice a week, which 

causes difficulty with daily activities and 

sometimes wakes the person at night.

0.133

(0.086-0.192)

Asymptomatic asthma -- -- --

Controlled asthma Asthma, controlled

has wheezing and cough once a month, 

which does not cause difficulty with daily 

activities. 

0.015

(0.007-0.026)

Asymptomatic interstitial lung disease and pulmonary sarcoidosis -- -- --

Moderate heart failure due to severe interstitial lung disease and 

pulmonary sarcoidosis

Severe COPD and other chronic respiratory, with 

moderate heart failure
-- --

Moderate interstitial lung disease and pulmonary sarcoidosis
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Mild interstitial lung disease and pulmonary sarcoidosis COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Treated heart failure due to severe interstitial lung disease and 

pulmonary sarcoidosis

COPD and other chronic respiratory problems, 

severe and generic uncomplicated disease: worry 

and daily medication

(combined DW) --

Severe interstitial lung disease and pulmonary sarcoidosis without heart 

failure

COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Severe heart failure due to severe interstitial lung disease and 

pulmonary sarcoidosis

Severe COPD and other chronic respiratory, with 

severe heart failure
-- --

Mild heart failure due to severe interstitial lung disease and pulmonary 

sarcoidosis

Severe COPD and other chronic respiratory, with 

mild heart failure
-- --

Other chronic respiratory diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Cirrhosis and other chronic liver diseases due to hepatitis B, 

compensated
-- -- --
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Chronic hepatitis B without cirrhosis -- -- --

Cirrhosis and other chronic liver diseases due to hepatitis B, 

decompensated
Decompensated cirrhosis of the liver 

has a swollen belly and swollen legs. The 

person feels weakness, fatigue and loss of 

appetite.

0.178

(0.123-0.250)

Cirrhosis and other chronic liver diseases due to hepatitis C, 

decompensated
Decompensated cirrhosis of the liver 

has a swollen belly and swollen legs. The 

person feels weakness, fatigue and loss of 

appetite.

0.178

(0.123-0.250)

Cirrhosis and other chronic liver diseases due to hepatitis C, 

compensated
-- -- --

Chronic hepatitis C without cirrhosis -- -- --

Cirrhosis and other chronic liver diseases due to alcohol, 

decompensated
Decompensated cirrhosis of the liver 

has a swollen belly and swollen legs. The 

person feels weakness, fatigue and loss of 

appetite.

0.178

(0.123-0.250)

Cirrhosis and other chronic liver diseases due to alcohol, compensated -- -- --

Cirrhosis and other chronic liver diseases due to NASH, decompensated Decompensated cirrhosis of the liver 

has a swollen belly and swollen legs. The 

person feels weakness, fatigue and loss of 

appetite.

0.178

(0.123-0.250)

Non-alcoholic fatty liver disease (NAFLD) / Non-alcoholic 

steatohepatitis (NASH)
-- -- --

Cirrhosis and other chronic liver diseases due to NASH, compensated -- -- --

Cirrhosis and other chronic liver diseases due to other cause, 

decompensated
Decompensated cirrhosis of the liver 

has a swollen belly and swollen legs. The 

person feels weakness, fatigue and loss of 

appetite.

0.178

(0.123-0.250)

Cirrhosis and other chronic liver diseases due to other cause, 

compensated
-- -- --

Moderate symptomatic peptic ulcer disease with mild anemia Moderate abdominal pain with mild anemia (combined DW) --

Mild symptomatic peptic ulcer disease with mild anemia Mild abdominal pain with mild anemia (combined DW) --

Asymptomatic peptic ulcer disease with moderate anemia Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Asymptomatic peptic ulcer disease with mild anemia Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate symptomatic peptic ulcer disease with severe anemia Mild abdominal pain with severe anemia (combined DW) --

Mild symptomatic peptic ulcer disease without anemia Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Mild symptomatic peptic ulcer disease with severe anemia Mild abdominal pain with severe anemia (combined DW) --

Moderate symptomatic peptic ulcer disease with moderate anemia Moderate abdominal pain with moderate anemia (combined DW) --

Severe anemia due to peptic ulcer disease Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to peptic ulcer disease Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild anemia due to peptic ulcer disease Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate symptomatic peptic ulcer disease without anemia Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Mild symptomatic peptic ulcer disease with moderate anemia Mild abdominal pain with moderate anemia (combined DW) --

Asymptomatic peptic ulcer disease without anemia -- -- --

Asymptomatic peptic ulcer disease with severe anemia Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Severe anemia due to gastritis and duodenitis Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Asymptomatic gastritis and duodenitis without anemia -- -- --

Asymptomatic gastritis and duodenitis with severe anemia Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Asymptomatic gastritis and duodenitis with moderate anemia Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)
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Asymptomatic gastritis and duodenitis with mild anemia Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate symptomatic gastritis and duodenitis without anemia Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Moderate anemia due to gastritis and duodenitis Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild symptomatic gastritis and duodenitis without anemia Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Mild symptomatic gastritis and duodenitis with severe anemia Mild abdominal pain with severe anemia (combined DW) --

Moderate symptomatic gastritis and duodenitis with moderate anemia Moderate abdominal pain with moderate anemia (combined DW) --

Mild symptomatic gastritis and duodenitis with moderate anemia Mild abdominal pain with moderate anemia (combined DW) --

Moderate symptomatic gastritis and duodenitis with mild anemia Moderate abdominal pain with mild anemia (combined DW) --

Mild symptomatic gastritis and duodenitis with mild anemia Mild abdominal pain with mild anemia (combined DW) --

Moderate symptomatic gastritis and duodenitis with severe anemia Moderate abdominal pain with severe anemia (combined DW) --

Mild anemia due to gastritis and duodenitis Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Severe or very severe gastroesophageal reflux disease symptoms 

(typical)

Often has a burning sensation in the back of the 

chest after eating
Standard

0.026

(0.015-0.042)

Mild to moderate gastroesophageal reflux disease symptoms (typical) Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Appendicitis Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Paralytic ileus and intestinal obstruction Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Mild symptomatic inguinal,  femoral and abdominal hernia Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Moderate symptomatic inguinal,  femoral and abdominal hernia Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Severe symptomatic inguinal,  femoral and abdominal hernia Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Crohn's disease with severe anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Asymptomatic ulcerative colitis -- -- --

Asymptomatic Crohn's disease -- -- --

Crohn's disease without anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Ulcerative colitis with mild anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Ulcerative colitis with severe anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)
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Ulcerative colitis without anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Crohn's disease with mild anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Crohn's disease with moderate anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Ulcerative colitis with moderate anemia Crohn disease or ulcerative colitis

has cramping abdominal pain, has diarrhea 

several times a day, and feels very tired 

for two months every year. When the 

person does not have symptoms, there is 

anxiety about them returning.

0.231

(0.156-0.320)

Vascular intestinal disorders Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Severe symptomatic episodes gallbladder and biliary diseases Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Moderate symptomatic episodes gallbladder and biliary diseases Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Mild symptomatic episodes gallbladder and biliary diseases Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Asymptomatic gallbladder and biliary diseases -- -- --

Moderate chronic pancreatitis Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Mild chronic pancreatitis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Acute pancreatitis
Infectious disease, acute episode, severe and 

abdominopelvic problem, severe
(combined DW) --

Severe chronic pancreatitis Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Other digestive diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Mild Alzheimer disease and other dementias Dementia, mild

has some trouble remembering recent 

events, and finds it hard to concentrate 

and make decisions and plans.

0.069

(0.046-0.099)

Moderate Alzheimer disease and other dementias Dementia, moderate

has memory problems and confusion, feels 

disoriented, at times hears voices that are 

not real,  and needs help with some daily 

activities.

0.377

(0.252-0.508)

Severe Alzheimer disease and other dementias Dementia, severe

has complete memory loss; no longer 

recognizes close family members; and 

requires help with all daily activities.

0.449

(0.304-0.595)

Mild Parkinson disease Parkinson disease, mild

has mild tremors and moves a little 

slowly, but is able to walk and do daily 

activities without assistance. 

0.010

(0.005-0.019)

Moderate Parkinson disease Parkinson disease, moderate

has moderate tremors and moves slowly, 

which causes some difficulty in walking 

and daily activities. The person has some 

trouble swallowing, talking, sleeping, and 

remembering things.

0.267

(0.181-0.372)

1062



Appendix Table 5. GBD 2017 sequelae, health states, health state lay descriptions, and disability weights

Severe Parkinson disease Parkinson disease, severe

has severe tremors and moves very slowly, 

which causes great difficulty in walking 

and daily activities. The person falls 

easily and has a lot of difficulty talking, 

swallowing, sleeping, and remembering 

things. 

0.575

(0.396-0.730)

Idiopathic, severe epilepsy Epilepsy, seizures >= once a month

has sudden seizures one or more times 

each month, with violent muscle 

contractions and stiffness, loss of 

consciousness, and loss of urine or bowel 

control.  Between seizures the person has 

memory loss and difficulty concentrating.

0.552

(0.375-0.710)

Idiopathic, seizure-free, treated epilepsy
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Idiopathic, less severe epilepsy Epilepsy, seizures 1-11 per year

has sudden seizures two to five times a 

year, with violent muscle contractions and 

stiffness, loss of consciousness, and loss of 

urine or bowel control.

0.263

(0.173-0.367)

Severe multiple sclerosis Multiple sclerosis, severe

has slurred speech and difficulty 

swallowing. The person has weak arms and 

hands, very limited and stiff leg 

movement, has loss of vision in both eyes 

and cannot control urinating.

0.719

(0.534-0.858)

Moderate multiple sclerosis Multiple sclerosis, moderate

needs help walking, has difficulty with 

writing and arm coordination, has loss of 

vision in one eye and cannot control 

urinating.

0.463

(0.313-0.613)

Mild multiple sclerosis Multiple sclerosis, mild

has mild loss of feeling in one hand, is a 

little unsteady while walking, has slight 

loss of vision in one eye, and often needs 

to urinate urgently.

0.183

(0.124-0.253)

Asymptomatic multiple sclerosis -- -- --

Moderate respiratory problems and speech problems due to motor 

neuron disease
Moderate respiratory and speech problems (combined DW) --

Mild respiratory problems and speech problems due to motor neuron 

disease
Mild respiratory and speech problems (combined DW) --

Severe respiratory problems and speech problems due to motor neuron 

disease
Severe respiratory and speech problems (combined DW) --

Mild respiratory problems due to motor neuron disease COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Severe respiratory problems due to motor neuron disease
COPD and other chronic respiratory problems, 

severe

has cough, wheezing and shortness of 

breath all the time. The person has great 

difficulty walking even short distances or 

climbing any stairs, feels tired when at 

rest,  and is anxious.

0.408

(0.273-0.556)

Speech problems due to motor neuron disease Speech problems
has difficulty speaking, and others find it 

difficult to understand. 

0.051

(0.032-0.078)

Moderate respiratory problems due to motor neuron disease
COPD and other chronic respiratory problems, 

moderate

has cough, wheezing and shortness of 

breath, even after light physical activity. 

The person feels tired and can walk only 

short distances or climb only a few stairs.

0.225

(0.153-0.310)

Severe motor impairment due to motor neuron disease Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Diagnosis of motor neuron disease
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Moderate motor impairment due to motor neuron disease Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Mild motor impairment due to motor neuron disease Motor impairment, mild
has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
Severe motor impairment and speech problems due to motor neuron 

disease
Severe motor impairment and speech problems (combined DW) --

Severe motor impairment, mild respiratory problems, and speech 

problems due to motor neuron disease

Severe motor impairment with mild respiratory 

problems and speech problems
(combined DW) --

Moderate motor impairment, mild respiratory problems, and speech 

problems due to motor neuron disease

Moderate motor impairment with mild respiratory 

problems and speech problems
(combined DW) --
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Mild motor impairment and speech problems due to motor neuron 

disease
Mild motor impairment and speech problems (combined DW) --

Mild motor impairment, severe respiratory problems and speech 

problems due to motor neuron disease

Mild motor impairment with severe respiratory 

problems and speech problems
(combined DW) --

Mild motor impairment, moderate respiratory problems, and speech 

problems due to motor neuron disease

Mild motor impairment with moderate respiratory 

problems and speech problems
(combined dw) --

Severe motor impairment, moderate respiratory problems, and speech 

problems due to motor neuron disease

Severe motor impairment with moderate 

respiratory problems and speech problems
(combined DW) --

Mild motor impairment, mild respiratory problems, and speech 

problems due to motor neuron disease

Mild motor impairment with mild respiratory 

problems and speech problems
(combined dw) --

Severe motor impairment, severe respiratory problems, and speech 

problems due to motor neuron disease

Severe motor impairment with severe respiratory 

problems and speech problems
(combined DW) --

Mild motor impairment and mild respiratory problems due to motor 

neuron disease

Mild motor impairment and mild respiratory 

problems
(combined DW) --

Mild motor impairment and severe respiratory problems due to motor 

neuron disease

Mild motor impairment and severe respiratory 

problems
(combined DW) --

Moderate motor impairment and mild respiratory problems due to 

motor neuron disease

Moderate motor impairment and mild respiratory 

problems
(combined DW) --

Moderate motor impairment and moderate respiratory problems due to 

motor neuron disease

Moderate motor impairment and moderate 

respiratory problems
(combined DW) --

Moderate motor impairment and severe respiratory problems due to 

motor neuron disease

Moderate motor impairment and severe respiratory 

problems
(combined DW) --

Severe motor impairment and mild respiratory problems due to motor 

neuron disease

Severe motor impairment and mild respiratory 

problems
(combined DW) --

Severe motor impairment and moderate respiratory problems due to 

motor neuron disease

Severe motor impairment and moderate respiratory 

problems
(combined DW) --

Severe motor impairment and severe respiratory problems due to motor 

neuron disease

Severe motor impairment and severe respiratory 

problems
(combined DW) --

Moderate motor impairment and speech problems due to motor neuron 

disease
Moderate motor impairment and speech problems (combined DW) --

Moderate motor impairment, severe respiratory problems, and speech 

problems due to motor neuron disease

Moderate motor impairment with severe 

respiratory problems and speech problems
(combined DW) --

Moderate motor impairment, moderate respiratory problems, and 

speech problems due to motor neuron disease

Moderate motor impairment with moderate 

respiratory problems and speech problems
(combined DW) --

Asymptomatic migraine -- -- --

Symptomatic medication overuse headache due to migraine Headache, medication overuse

has daily headaches, felt as dull pain and 

often lasting all day, with poor sleep, 

nausea and fatigue. The person takes 

medicine for the headaches, which 

provides little relief but is needed to avoid 

having worse symptoms.

0.223

(0.146-0.313)

Asymptomatic medication overuse headache due to migraine -- -- --

Symptomatic migraine Headache, migraine

has severe, throbbing head pain and nausea 

that cause great difficulty in daily 

activities and sometimes confine the 

person to bed. Moving around, light, and 

noise make it worse.

0.441

(0.294-0.588)

Asymptomatic tension-type headache -- -- --

Symptomatic tension-type headache Headache, tension-type

has a moderate headache that also affects 

the neck, which causes difficulty in daily 

activities. 

0.037

(0.022-0.057)

Asymptomatic medication overuse headache due to tension-type 

headache
-- -- --

Symptomatic medication overuse headache due to tension-type 

headache
Headache, medication overuse

has daily headaches, felt as dull pain and 

often lasting all day, with poor sleep, 

nausea and fatigue. The person takes 

medicine for the headaches, which 

provides little relief but is needed to avoid 

having worse symptoms.

0.223

(0.146-0.313)

Other neurological disorders
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Guillain-Barré syndrome due to other neurological disorders Spinal cord lesion below neck level (treated)

is paralyzed from the waist down, cannot 

feel or move the legs and has difficulties 

with urine and bowel control.  The person 

uses a wheelchair to move around.

0.296

(0.198-0.414)

Schizophrenia acute state Schizophrenia, acute state

hears and sees things that are not real and 

is afraid, confused, and sometimes violent. 

The person has great difficulty with 

communication and daily activities, and 

sometimes wants to harm or kill himself 

(or herself).

0.778

(0.606-0.900)
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Schizophrenia residual state Schizophrenia, residual state

hears and sees things that are not real and 

has trouble communicating. The person 

can be forgetful,  has difficulty with daily 

activities, and thinks about hurting himself 

(or herself).

0.588

(0.411-0.754)

Mild major depressive disorder Major depressive disorder, mild episode

feels persistent sadness and has lost interest 

in usual activities. The person sometimes 

sleeps badly, feels tired, or has trouble 

concentrating but still manages to function 

in daily life with extra effort.

0.145

(0.099-0.209)

Severe major depressive disorder Major depressive disorder, severe episode

has overwhelming, constant sadness and 

cannot function in daily life. The person 

sometimes loses touch with reality and 

wants to harm or kill himself (or herself).

0.658

(0.477-0.807)

Major depressive disorder, currently without symptoms -- -- --

Moderate major depressive disorder Major depressive disorder, moderate episode

has constant sadness and has lost interest in 

usual activities. The person has some 

difficulty in daily life, sleeps badly, has 

trouble concentrating, and sometimes 

thinks about harming himself (or herself).

0.396

(0.267-0.531)

Dysthymia, currently without symptoms -- -- --

Symptomatic dysthymia Major depressive disorder, mild episode

feels persistent sadness and has lost interest 

in usual activities. The person sometimes 

sleeps badly, feels tired, or has trouble 

concentrating but still manages to function 

in daily life with extra effort.

0.145

(0.099-0.209)

Bipolar disorder depressive state Major depressive disorder, moderate episode

has constant sadness and has lost interest in 

usual activities. The person has some 

difficulty in daily life, sleeps badly, has 

trouble concentrating, and sometimes 

thinks about harming himself (or herself).

0.396

(0.267-0.531)

Bipolar disorder manic state Bipolar disorder, manic episode 

is hyperactive, hears and believes things 

that are not real,  and engages in impulsive 

and aggressive behavior that endanger the 

person and others. 

0.492

(0.341-0.646)

Bipolar disorder residual state Bipolar disorder, residual state 
has mild mood swings, irritability and 

some difficulty with daily activities. 

0.032

(0.018-0.051)

Mild anxiety disorders Anxiety disorders, mild

feels mildly anxious and worried, which 

makes it slightly difficult to concentrate, 

remember things, and sleep. The person 

tires easily but is able to perform daily 

activities.

0.030

(0.018-0.046)

Moderate anxiety disorders Anxiety disorders, moderate

feels anxious and worried, which makes it 

difficult to concentrate, remember things, 

and sleep. The person tires easily and finds 

it difficult to perform daily activities.

0.133

(0.091-0.186)

Severe anxiety disorders Anxiety disorders, severe

constantly feels very anxious and worried, 

which makes it difficult to concentrate, 

remember things and sleep. The person has 

lost pleasure in life and thinks about 

suicide. 

0.523

(0.362-0.677)

Anxiety disorders, currently without symptoms -- -- --

Anorexia nervosa Anorexia nervosa

feels an overwhelming need to starve and 

exercises excessively to lose weight. The 

person is very thin, weak and anxious.

0.224

(0.150-0.312)

Bulimia nervosa Bulimia nervosa 

has uncontrolled overeating followed by 

guilt,  starving, and vomiting to lose 

weight.

0.223

(0.149-0.311)

Autism spectrum disorders with profound intellectual disability
Autism spectrum disorder with profound 

intellectual disability
(combined DW) --

Autism spectrum disorders with moderate intellectual disability
Autism spectrum disorder with moderate 

intellectual disability
(combined DW) --

Autism spectrum disorders with mild intellectual disability
Autism spectrum disorder with mild intellectual 

disability
(combined DW) --

Autism spectrum disorders with borderline intellectual disability
Autism spectrum disorder with borderline 

intellectual disability
(combined DW) --

Autism spectrum disorders with severe intellectual disability
Autism spectrum disorder with severe intellectual 

disability
(combined DW) --
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Autism spectrum disorders without intellectual disability
Autism spectrum disorder without intellectual 

disability
(combined DW) --

Symptomatic attention-deficit/hyperactivity disorder Attention deficit hyperactivity disorder

is hyperactive and has difficulty 

concentrating, remembering things, and 

completing tasks. 

0.045

(0.028-0.066)

Attention-deficit/hyperactivity disorder, currently without symptoms -- -- --

Conduct disorder, currently without symptoms -- -- --

Symptomatic conduct disorder Conduct disorder

has frequent behavior problems, which are 

sometimes violent. The person often has 

difficulty interacting with other people 

and feels irritable.

0.241

(0.159-0.341)

Severe idiopathic developmental intellectual disability Intellectual disability / mental retardation, severe

has very low intelligence and cannot speak 

more than a few words, needs constant 

supervision and help with most daily 

activities, and can do only the simplest 

tasks.

0.160

(0.107-0.226)

Profound idiopathic developmental intellectual disability
Intellectual disability / mental retardation, 

profound

has very low intelligence, has almost no 

language, and does not understand even 

the most basic requests or instructions. The 

person requires constant supervision and 

help for all activities.

0.200

(0.133-0.283)

Mild idiopathic developmental intellectual disability Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Borderline idiopathic developmental intellectual disability Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Moderate idiopathic developmental intellectual disability
Intellectual disability / mental retardation, 

moderate

has low intelligence, and is slow in 

learning to speak and to do even simple 

tasks. As an adult,  the person requires a lot 

of support to live independently and raise 

children. The person can only work at the 

simplest supervised jobs.

0.100

(0.066-0.142)

Moderate other mental disorders Anxiety disorders, moderate

feels anxious and worried, which makes it 

difficult to concentrate, remember things, 

and sleep. The person tires easily and finds 

it difficult to perform daily activities.

0.133

(0.091-0.186)

Severe other mental disorders Anxiety disorders, severe

constantly feels very anxious and worried, 

which makes it difficult to concentrate, 

remember things and sleep. The person has 

lost pleasure in life and thinks about 

suicide. 

0.523

(0.362-0.677)

Other mental disorders, currently without symptoms -- -- --

Mild other mental disorders Anxiety disorders, mild

feels mildly anxious and worried, which 

makes it slightly difficult to concentrate, 

remember things, and sleep. The person 

tires easily but is able to perform daily 

activities.

0.030

(0.018-0.046)

Moderate fetal alcohol syndrome Fetal alcohol syndrome, moderate

is slow in developing physically and 

mentally, which causes some difficulty in 

daily activities.

0.056

(0.035-0.083)

Severe fetal alcohol syndrome Fetal alcohol syndrome, severe

is very slow in developing physically and 

mentally, which causes great difficulty in 

daily activities.

0.179

(0.119-0.257)

Very mild alcohol dependence Alcohol use disorder, very mild

drinks alcohol daily and has difficulty 

controlling the urge to drink. When sober, 

the person functions normally.

0.123

(0.082-0.177)

Asymptomatic alcohol dependence -- -- --

Asymptomatic fetal alcohol syndrome -- -- --

Mild fetal alcohol syndrome Fetal alcohol syndrome, mild

is a little slow in developing physically 

and mentally, which causes some 

difficulty in learning but no other 

difficulties in daily activities.

0.016

(0.008-0.030)

Mild alcohol dependence Alcohol use disorder, mild

drinks a lot of alcohol and sometimes has 

difficulty controlling the urge to drink. 

While intoxicated, the person has 

difficulty performing daily activities.

0.235

(0.160-0.327)

1066



Appendix Table 5. GBD 2017 sequelae, health states, health state lay descriptions, and disability weights

Severe alcohol dependence Alcohol use disorder, severe

gets drunk almost every day and is unable 

to control the urge to drink. Drinking and 

recovering replace most daily activities. 

The person has difficulty thinking, 

remembering and communicating, and 

feels constant pain and fatigue.

0.570

(0.396-0.732)

Moderate alcohol dependence Alcohol use disorder, moderate

drinks a lot,  gets drunk almost every week 

and has great difficulty controlling the 

urge to drink. Drinking and recovering 

cause great difficulty in daily activities, 

sleep loss, and fatigue. 

0.373

(0.248-0.508)

Mild opioid dependence Heroin and other opioid dependence, mild

uses heroin (or methadone)Â daily and has 

difficulty controlling the habit.  When not 

using, the person functions normally.

0.335

(0.221-0.473)

Severe opioid dependence Heroin and other opioid dependence

uses heroin daily and has difficulty 

controlling the habit.  When the effects 

wear off,  the person feels severe nausea, 

agitation, vomiting and fever. The person 

has a lot of difficulty in daily activities.

0.697

(0.510-0.843)

Asymptomatic opioid dependence -- -- --

Mild cocaine dependence Cocaine dependence, mild

uses cocaine at least once a week and has 

some difficulty controlling the habit.  

When not using, the person functions 

normally.

0.116

(0.074-0.165)

Severe cocaine dependence Cocaine dependence

uses cocaine and has difficulty controlling 

the habit.  The person sometimes has mood 

swings, anxiety, paranoia, hallucinations 

and sleep problems, and has some 

difficulty in daily activities.

0.479

(0.324-0.634)

Asymptomatic cocaine dependence -- -- --

Mild amphetamine dependence Amphetamine dependence, mild

uses stimulants (drugs) at least once a 

week and has some difficulty controlling 

the habit.  When not using, the person 

functions normally.

0.079

(0.051-0.114)

Severe amphetamine dependence Amphetamine dependence

uses stimulants (drugs) and has difficulty 

controlling the habit.  The person 

sometimes has depression, hallucinations 

and mood swings, and has difficulty in 

daily activities. 

0.486

(0.329-0.637)

Asymptomatic amphetamine dependence -- -- --

Mild cannabis dependence Cannabis dependence, mild

uses marijuana at least once a week and 

has some difficulty controlling the habit.  

When not using, the person functions 

normally. 

0.039

(0.024-0.060)

Severe cannabis dependence Cannabis dependence

uses marijuana daily and has difficulty 

controlling the habit.  The person 

sometimes has mood swings, anxiety and 

hallucinations, and has some difficulty in 

daily activities.

0.266

(0.178-0.364)

Asymptomatic cannabis dependence -- -- --

Other drug use disorders Cocaine dependence, mild

uses cocaine at least once a week and has 

some difficulty controlling the habit.  

When not using, the person functions 

normally.

0.116

(0.074-0.165)

Severe vision impairment due to diabetes mellitus type 1 Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to diabetes mellitus type 1 Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Diabetic neuropathy and amputation with treatment due to diabetes 

mellitus type 1
Diabetic neuropathy with treated amputation -- --

Diabetic neuropathy and amputation without treatment due to diabetes 

mellitus type 1
Diabetic neuropathy with untreated amputation -- --

Diabetic foot due to neuropathy due to diabetes mellitus type 1 Diabetic neuropathy with diabetic foot -- --

Moderate vision impairment due to diabetes mellitus type 1 Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)
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Diabetic neuropathy due to diabetes mellitus type 1 Diabetic neuropathy

has pain, tingling and numbness in the 

arms, legs, hands and feet.  The person 

sometimes gets cramps and muscle 

weakness.

0.133

(0.089-0.187)

Uncomplicated diabetes mellitus type 1
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Diabetic foot due to neuropathy due to diabetes mellitus type 2 Diabetic neuropathy with diabetic foot -- --

Diabetic neuropathy due to diabetes mellitus type 2 Diabetic neuropathy

has pain, tingling and numbness in the 

arms, legs, hands and feet.  The person 

sometimes gets cramps and muscle 

weakness.

0.133

(0.089-0.187)

Diabetic neuropathy and amputation without treatment due to diabetes 

mellitus type 2
Diabetic neuropathy with untreated amputation -- --

Uncomplicated diabetes mellitus type 2
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Moderate vision impairment due to diabetes mellitus type 2 Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Severe vision impairment due to diabetes mellitus type 2 Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to diabetes mellitus type 2 Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Diabetic neuropathy and amputation with treatment due to diabetes 

mellitus type 2
Diabetic neuropathy with treated amputation -- --

Stage V chronic kidney disease untreated and severe anemia due to 

type 1 diabetes mellitus

Severe anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated and moderate anemia due to 

type 1 diabetes mellitus

Moderate anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated and mild anemia due to type 

1 diabetes mellitus

Mild anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage III chronic kidney disease without anemia due to type 1 diabetes 

mellitus
-- -- --

Stage V chronic kidney disease untreated without anemia due to type 1 

diabetes mellitus

Terminal phase, without medication (for cancers, 

end-stage kidney/liver disease)

has lost a lot of weight and has constant 

pain. The person has no appetite, feels 

nauseous, and needs to spend most of the 

day in bed.

0.569

(0.389-0.727)

Stage IV chronic kidney disease untreated without anemia due to type 1 

diabetes mellitus
Chronic kidney disease (stage IV)

tires easily, has nausea, reduced appetite 

and difficulty sleeping.

0.104

(0.070-0.147)
Stage IV chronic kidney disease untreated and mild anemia due to type 

1 diabetes mellitus
Mild anemia with Stage IV CKD -- --

Stage III chronic kidney disease and mild anemia due to type 1 

diabetes mellitus
Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Stage III chronic kidney disease and moderate anemia due to type 1 

diabetes mellitus
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Stage III chronic kidney disease and severe anemia due to type 1 

diabetes mellitus
Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

End-stage renal disease on dialysis due to type 1 diabetes mellitus End-stage renal disease, on dialysis

is tired and has itching, cramps, headache, 

joint pains and shortness of breath. The 

person needs intensive medical care every 

other day lasting about half a day. 

0.571

(0.398-0.725)

End-stage renal disease after transplant due to type 1 diabetes mellitus End-stage renal disease, with kidney transplant
sometimes feels tired and down, and has 

some difficulty with daily activities.

0.024

(0.014-0.039)
Stage IV chronic kidney disease untreated and moderate anemia due to 

type 1 diabetes mellitus
Moderate anemia with Stage IV CKD -- --

Albuminuria with preserved GFR due to type 1 diabetes mellitus -- -- --
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Stage IV chronic kidney disease untreated and severe anemia due to 

type 1 diabetes mellitus
Severe anemia with Stage IV CKD -- --

Stage V chronic kidney disease untreated and moderate anemia due to 

type 2 diabetes mellitus

Moderate anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

End-stage renal disease after transplant due to type 2 diabetes mellitus End-stage renal disease, with kidney transplant
sometimes feels tired and down, and has 

some difficulty with daily activities.

0.024

(0.014-0.039)

Stage V chronic kidney disease untreated and severe anemia due to 

type 2 diabetes mellitus

Severe anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated and mild anemia due to type 

2 diabetes mellitus

Mild anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage III chronic kidney disease and mild anemia due to type 2 

diabetes mellitus
Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Stage III chronic kidney disease without anemia due to type 2 diabetes 

mellitus
-- -- --

Stage IV chronic kidney disease untreated and severe anemia due to 

type 2 diabetes mellitus
Severe anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and mild anemia due to type 

2 diabetes mellitus
Mild anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and moderate anemia due to 

type 2 diabetes mellitus
Moderate anemia with Stage IV CKD -- --

Stage V chronic kidney disease untreated without anemia due to type 2 

diabetes mellitus

Terminal phase, without medication (for cancers, 

end-stage kidney/liver disease)

has lost a lot of weight and has constant 

pain. The person has no appetite, feels 

nauseous, and needs to spend most of the 

day in bed.

0.569

(0.389-0.727)

Albuminuria with preserved GFR due to type 2 diabetes mellitus -- -- --

Stage III chronic kidney disease and moderate anemia due to type 2 

diabetes mellitus
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Stage III chronic kidney disease and severe anemia due to type 2 

diabetes mellitus
Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

End-stage renal disease on dialysis due to type 2 diabetes mellitus End-stage renal disease, on dialysis

is tired and has itching, cramps, headache, 

joint pains and shortness of breath. The 

person needs intensive medical care every 

other day lasting about half a day. 

0.571

(0.398-0.725)

Stage IV chronic kidney disease untreated without anemia due to type 2 

diabetes mellitus
Chronic kidney disease (stage IV)

tires easily, has nausea, reduced appetite 

and difficulty sleeping.

0.104

(0.070-0.147)
Stage IV chronic kidney disease untreated and moderate anemia due to 

hypertension
Moderate anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and severe anemia due to 

hypertension
Severe anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and mild anemia due to 

hypertension
Mild anemia with Stage IV CKD -- --

Albuminuria with preserved GFR due to hypertension -- -- --

Stage V chronic kidney disease untreated and severe anemia due to 

hypertension

Severe anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

End-stage renal disease after transplant due to hypertension End-stage renal disease, with kidney transplant
sometimes feels tired and down, and has 

some difficulty with daily activities.

0.024

(0.014-0.039)

End-stage renal disease on dialysis due to hypertension End-stage renal disease, on dialysis

is tired and has itching, cramps, headache, 

joint pains and shortness of breath. The 

person needs intensive medical care every 

other day lasting about half a day. 

0.571

(0.398-0.725)

Stage III chronic kidney disease and mild anemia due to hypertension Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Stage III chronic kidney disease and moderate anemia due to 

hypertension
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Stage III chronic kidney disease and severe anemia due to hypertension Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Stage III chronic kidney disease without anemia due to hypertension -- -- --
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Stage IV chronic kidney disease untreated without anemia due to 

hypertension
Chronic kidney disease (stage IV)

tires easily, has nausea, reduced appetite 

and difficulty sleeping.

0.104

(0.070-0.147)

Stage V chronic kidney disease untreated without anemia due to 

hypertension

Terminal phase, without medication (for cancers, 

end-stage kidney/liver disease)

has lost a lot of weight and has constant 

pain. The person has no appetite, feels 

nauseous, and needs to spend most of the 

day in bed.

0.569

(0.389-0.727)

Stage V chronic kidney disease untreated and mild anemia due to 

hypertension

Mild anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated and moderate anemia due to 

hypertension

Moderate anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated without anemia due to 

glomerulonephritis

Terminal phase, without medication (for cancers, 

end-stage kidney/liver disease)

has lost a lot of weight and has constant 

pain. The person has no appetite, feels 

nauseous, and needs to spend most of the 

day in bed.

0.569

(0.389-0.727)

Stage V chronic kidney disease untreated and mild anemia due to 

glomerulonephritis

Mild anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage III chronic kidney disease and severe anemia due to 

glomerulonephritis
Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Stage IV chronic kidney disease untreated and mild anemia due to 

glomerulonephritis
Mild anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and severe anemia due to 

glomerulonephritis
Severe anemia with Stage IV CKD -- --

Stage III chronic kidney disease and mild anemia due to 

glomerulonephritis
Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

End-stage renal disease on dialysis due to glomerulonephritis End-stage renal disease, on dialysis

is tired and has itching, cramps, headache, 

joint pains and shortness of breath. The 

person needs intensive medical care every 

other day lasting about half a day. 

0.571

(0.398-0.725)

End-stage renal disease after transplant due to glomerulonephritis End-stage renal disease, with kidney transplant
sometimes feels tired and down, and has 

some difficulty with daily activities.

0.024

(0.014-0.039)

Stage V chronic kidney disease untreated and moderate anemia due to 

glomerulonephritis

Moderate anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage IV chronic kidney disease untreated and moderate anemia due to 

glomerulonephritis
Moderate anemia with Stage IV CKD -- --

Stage III chronic kidney disease without anemia due to 

glomerulonephritis
-- -- --

Albuminuria with preserved GFR due to glomerulonephritis -- -- --

Stage III chronic kidney disease and moderate anemia due to 

glomerulonephritis
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Stage IV chronic kidney disease untreated without anemia due to 

glomerulonephritis
Chronic kidney disease (stage IV)

tires easily, has nausea, reduced appetite 

and difficulty sleeping.

0.104

(0.070-0.147)

Stage V chronic kidney disease untreated and severe anemia due to 

glomerulonephritis

Severe anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated and severe anemia due to 

other causes

Severe anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Albuminuria with preserved GFR due to other causes -- -- --

Stage IV chronic kidney disease untreated and severe anemia due to 

other causes
Severe anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and moderate anemia due to 

other causes
Moderate anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated and mild anemia due to 

other causes
Mild anemia with Stage IV CKD -- --

Stage IV chronic kidney disease untreated without anemia due to other 

causes
Chronic kidney disease (stage IV)

tires easily, has nausea, reduced appetite 

and difficulty sleeping.

0.104

(0.070-0.147)

Stage V chronic kidney disease untreated and moderate anemia due to 

other causes

Moderate anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --
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End-stage renal disease on dialysis due to other causes End-stage renal disease, on dialysis

is tired and has itching, cramps, headache, 

joint pains and shortness of breath. The 

person needs intensive medical care every 

other day lasting about half a day. 

0.571

(0.398-0.725)

Stage III chronic kidney disease and mild anemia due to other causes Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Stage III chronic kidney disease and moderate anemia due to other 

causes
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Stage III chronic kidney disease and severe anemia due to other causes Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Stage III chronic kidney disease without anemia due to other causes -- -- --

End-stage renal disease after transplant due to other causes End-stage renal disease, with kidney transplant
sometimes feels tired and down, and has 

some difficulty with daily activities.

0.024

(0.014-0.039)

Stage V chronic kidney disease untreated and mild anemia due to other 

causes

Mild anemia and terminal phase, without 

medication (for cancers, end-stage kidney/liver 

disease)

(combined DW) --

Stage V chronic kidney disease untreated without anemia due to other 

causes

Terminal phase, without medication (for cancers, 

end-stage kidney/liver disease)

has lost a lot of weight and has constant 

pain. The person has no appetite, feels 

nauseous, and needs to spend most of the 

day in bed.

0.569

(0.389-0.727)

Acute glomerulonephritis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Mild atopic dermatitis Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Moderate atopic dermatitis Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Severe atopic dermatitis Disfigurement, level 3, with itch/pain

has an obvious physical deformity that is 

very painful and itchy. The physical 

deformity makes others uncomfortable, 

which causes the person to avoid social 

contact,  feel worried, sleep poorly, and 

think about suicide.

0.576

(0.401-0.731)

Asymptomatic contact dermatitis -- -- --

Moderate contact dermatitis Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Mild contact dermatitis Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Symptomatic seborrhoeic dermatitis Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Asymptomatic seborrhoeic dermatitis -- -- --

Mild psoriasis Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Moderate psoriasis Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)
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Severe psoriasis Disfigurement, level 3, with itch/pain

has an obvious physical deformity that is 

very painful and itchy. The physical 

deformity makes others uncomfortable, 

which causes the person to avoid social 

contact,  feel worried, sleep poorly, and 

think about suicide.

0.576

(0.401-0.731)

Mild cellulitis Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Moderate cellulitis Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Severe cellulitis Infectious disease, acute episode, severe

has a high fever and pain, and feels very 

weak, which causes great difficulty with 

daily activities.

0.133

(0.088-0.190)

Abscess and other bacterial skin diseases Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Impetigo Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Scabies Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Tinea capitis Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Other fungal skin diseases Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Mild viral warts Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Severe viral warts Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Mild molluscum contagiosum Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Severe molluscum contagiosum Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Mild acne vulgaris Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Non-disabling symptomatic acne Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Moderate acne vulgaris Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Severe acne vulgaris Disfigurement, level 3

has an obvious physical deformity that 

makes others uncomfortable, which causes 

the person to avoid social contact,  feel 

worried, sleep poorly, and think about 

suicide.

0.405

(0.275-0.546)

Mild alopecia areata Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Severe alopecia areata Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Pruritus Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Severe urticaria Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Mild urticaria Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)
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Mild decubitus ulcer Disfigurement, level 1 with itch/pain

has a slight, visible physical deformity 

that is sometimes sore or itchy. Others 

notice the deformity, which causes some 

worry and discomfort.

0.027

(0.015-0.042)

Moderate decubitus ulcer Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Severe decubitus ulcer Disfigurement, level 3, with itch/pain

has an obvious physical deformity that is 

very painful and itchy. The physical 

deformity makes others uncomfortable, 

which causes the person to avoid social 

contact,  feel worried, sleep poorly, and 

think about suicide.

0.576

(0.401-0.731)

Symptomatic other skin and subcutaneous diseases Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Asymptomatic other skin and subcutaneous diseases -- -- --

Blindness due to glaucoma Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Severe vision impairment due to glaucoma Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Moderate vision impairment due to glaucoma Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Severe vision impairment due to cataract Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Moderate vision impairment due to cataract Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Blindness due to cataract Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Moderate vision impairment due to macular degeneration Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Blindness due to macular degeneration Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Severe vision impairment due to macular degeneration Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to uncorrected refractive error Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Severe vision impairment due to uncorrected refractive error Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Moderate vision impairment due to uncorrected refractive error Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Presbyopia Presbyopia

has difficulty seeing things that are nearer 

than 3 feet,  but has no difficulty with 

seeing things at a distance. 

0.011

(0.005-0.020)
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Severe vision impairment due to other vision loss Distance vision, severe impairment

has severe vision loss, which causes 

difficulty in daily activities, some 

emotional impact (for example worry), 

and some difficulty going outside the 

home without assistance.

0.184

(0.125-0.258)

Blindness due to other vision loss Distance vision blindness

is completely blind, which causes great 

difficulty in some daily activities, worry 

and anxiety, and great difficulty going 

outside the home without assistance. 

0.187

(0.124-0.260)

Moderate vision impairment due to other vision loss Distance vision, moderate impairment

has vision problems that make it difficult 

to recognize faces or objects across a 

room.

0.031

(0.019-0.049)

Severe hearing loss with ringing due to age-related and other hearing 

loss
Hearing loss, severe, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation, and has annoying ringing in 

the ears for more than 5 minutes at a 

time, almost everyday. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.261

(0.175-0.360)

Mild hearing loss with ringing due to age-related and other hearing loss Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Mild hearing loss due to age-related and other hearing loss Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Complete hearing loss due to age-related and other hearing loss Hearing loss, complete

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone. Difficulties with communicating 

and relating to others often cause worry, 

depression or loneliness.

0.215

(0.144-0.307)

Profound hearing loss with ringing due to age-related and other hearing 

loss
Hearing loss, profound, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, has great difficulty hearing 

anything in any other situation, and has 

annoying ringing in the ears for more than 

5 minutes at a time, several times a day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression, or loneliness.

0.277

(0.182-0.387)

Profound hearing loss due to age-related and other hearing loss Hearing loss, profound

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, and has great difficulty 

hearing anything in any other situation. 

Difficulties with communicating and 

relating to othersoften cause worry, 

depression, and loneliness.

0.204

(0.134-0.288)

Complete hearing loss with ringing due to age-related and other hearing 

loss
Hearing loss, complete, with ringing

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone, and has very annoying ringing in 

the ears for more than half of the day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression or loneliness.

0.316

(0.212-0.435)

Moderately severe hearing loss with ringing due to age-related and 

other hearing loss
Hearing loss, moderately severe, with ringing

(custom DW from hearing loss impairment 

envelope)
--

Moderately severe hearing loss due to age-related and other hearing loss Hearing loss, moderately severe
(custom DW from hearing loss impairment 

envelope)
--
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Moderate hearing loss with ringing due to age-related and other hearing 

loss
Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Severe hearing loss due to age-related and other hearing loss Hearing loss, severe

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.158

(0.105-0.227)

Moderate hearing loss due to age-related and other hearing loss Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Moderate chronic other sense organ diseases Vertigo --
0.113

(0.074-0.158)

Mild chronic other sense organ diseases Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Asymptomatic chronic other sense organ diseases -- -- --

Moderate acute other sense organ diseases Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Mild acute other sense organ diseases Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Asymptomatic acute other sense organ diseases -- -- --

Severe rheumatoid arthritis Musculoskeletal problems, generalized, severe

has severe, constant pain and deformity in 

most joints, causing difficulty moving 

around, getting up and down, eating, 

dressing, lifting, carrying and using the 

hands. The person often feels sadness, 

anxiety and extreme fatigue.

0.581

(0.403-0.739)

Mild rheumatoid arthritis Musculoskeletal problems, upper limbs, moderate

has moderate pain and stiffness in the arms 

and hands, which causes difficulty lifting, 

carrying, and holding things, and trouble 

sleeping because of the pain.

0.117

(0.080-0.163)

Moderate rheumatoid arthritis Musculoskeletal problems, generalized, moderate

has pain and deformity in most joints, 

causing difficulty moving around, getting 

up and down, and using the hands for 

lifting and carrying. The person often feels 

fatigue.

0.317

(0.216-0.440)

Moderate osteoarthritis of the knee Musculoskeletal problems, lower limbs, moderate

has moderate pain in the leg, which makes 

the person limp, and causes some 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and down 

and sleeping.

0.079

(0.054-0.110)

Mild osteoarthritis of the hip Musculoskeletal problems, lower limbs, mild

has pain in the leg, which causes some 

difficulty running, walking long distances, 

and getting up and down.

0.023

(0.013-0.037)

Moderate osteoarthritis of the hip Musculoskeletal problems, lower limbs, moderate

has moderate pain in the leg, which makes 

the person limp, and causes some 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and down 

and sleeping.

0.079

(0.054-0.110)

Severe osteoarthritis of the hip Musculoskeletal problems, lower limbs, severe

has severe pain in the leg, which makes 

the person limp and causes a lot of 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and 

down, and sleeping.

0.165

(0.112-0.232)

Severe osteoarthritis of the knee Musculoskeletal problems, lower limbs, severe

has severe pain in the leg, which makes 

the person limp and causes a lot of 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and 

down, and sleeping.

0.165

(0.112-0.232)
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Mild osteoarthritis of the knee Musculoskeletal problems, lower limbs, mild

has pain in the leg, which causes some 

difficulty running, walking long distances, 

and getting up and down.

0.023

(0.013-0.037)

Most severe low back pain without leg pain Back pain, most severe, without leg pain

has constant back pain, which causes 

difficulty dressing, sitting, standing, 

walking, and lifting things. The person 

sleeps poorly, is worried, and has lost some 

enjoyment in life.

0.372

(0.250-0.506)

Severe low back pain without leg pain Back pain, severe, without leg pain

has severe back pain, which causes 

difficulty dressing, sitting, standing, 

walking, and lifting things. The person 

sleeps poorly and feels worried.

0.272

(0.182-0.373)

Most severe low back pain with leg pain Back pain, most severe, with leg pain

has constant back and leg pain, which 

causes difficulty dressing, sitting, standing, 

walking, and lifting things. The person 

sleeps poorly, is worried, and has lost some 

enjoyment in life.

0.384

(0.256-0.518)

Mild low back pain with leg pain Mild low back pain with leg pain (combined DW)
0.020

(0.011-0.035)

Mild low back pain without leg pain Low back pain, mild

has mild back pain, which causes some 

difficulty dressing, standing, and lifting 

things.

0.020

(0.011-0.035)

Moderate low back pain without leg pain Low back pain, moderate

has moderate back pain, which causes 

difficulty dressing, sitting, standing, 

walking, and lifting things.

0.054

(0.035-0.079)

Severe low back pain with leg pain Back pain, severe, with leg pain

has severe back and leg pain, which causes 

difficulty dressing, sitting, standing, 

walking, and lifting things. The person 

sleeps poorly and feels worried.

0.325

(0.219-0.446)

Moderate low back pain with leg pain Moderate low back pain with leg pain (combined DW)
0.054

(0.035-0.079)

Severe neck pain Neck pain, severe

has severe neck pain, and difficulty 

turning the head and lifting things. The 

person gets headaches and arm pain, sleeps 

poorly, and feels tired and worried.

0.229

(0.153-0.317)

Mild neck pain Neck pain, mild
has neck pain, and has difficulty turning 

the head and lifting things.

0.053

(0.034-0.078)

Moderate neck pain Neck pain, moderate

has constant neck pain, and has difficulty 

turning the head, holding arms up, and 

lifting things

0.114

(0.075-0.162)

Most severe neck pain Neck pain, most severe

has constant neck pain and arm pain, and 

difficulty turning the head, holding arms 

up, and lifting things. The person gets 

headaches, sleeps poorly, and feels tired 

and worried. 

0.304

(0.202-0.415)

Asymptomatic gout -- -- --

Polyarticular gout Musculoskeletal problems, generalized, severe

has severe, constant pain and deformity in 

most joints, causing difficulty moving 

around, getting up and down, eating, 

dressing, lifting, carrying and using the 

hands. The person often feels sadness, 

anxiety and extreme fatigue.

0.581

(0.403-0.739)

Symptomatic episodes of gout Gout, acute

has severe pain and swelling in the leg, 

making it very difficult to get up and 

down, stand, walk, lift,  and carry heavy 

things. The person has trouble sleeping 

because of the pain. 

0.295

(0.196-0.409)

Other musculoskeletal disorders severity level 5 Musculoskeletal problems, generalized, moderate

has pain and deformity in most joints, 

causing difficulty moving around, getting 

up and down, and using the hands for 

lifting and carrying. The person often feels 

fatigue.

0.317

(0.216-0.440)

Asymptomatic other musculoskeletal disorders -- -- --

Other musculoskeletal disorders severity level 4 Musculoskeletal problems, lower limbs, severe

has severe pain in the leg, which makes 

the person limp and causes a lot of 

difficulty walking, standing, lifting and 

carrying heavy things, getting up and 

down, and sleeping.

0.165

(0.112-0.232)

Other musculoskeletal disorders severity level 1 Musculoskeletal problems, lower limbs, mild

has pain in the leg, which causes some 

difficulty running, walking long distances, 

and getting up and down.

0.023

(0.013-0.037)
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Other musculoskeletal disorders severity level 2 Musculoskeletal problems, upper limbs, mild

has mild pain and stiffness in the arms and 

hands. The person has some difficulty 

lifting, carrying and holding things.

0.028

(0.017-0.045)

Other musculoskeletal disorders severity level 3 Musculoskeletal problems, upper limbs, moderate

has moderate pain and stiffness in the arms 

and hands, which causes difficulty lifting, 

carrying, and holding things, and trouble 

sleeping because of the pain.

0.117

(0.080-0.163)

Other musculoskeletal disorders severity level 6 Musculoskeletal problems, generalized, severe

has severe, constant pain and deformity in 

most joints, causing difficulty moving 

around, getting up and down, eating, 

dressing, lifting, carrying and using the 

hands. The person often feels sadness, 

anxiety and extreme fatigue.

0.581

(0.403-0.739)

Mild motor impairment and incontinence due to spina bifida Mild motor impairment and urinary incontinence (combined DW) --

Moderate motor impairment and incontinence due to spina bifida
Moderate motor impairment and urinary 

incontinence
(combined DW) --

Severe motor impairment and incontinence due to spina bifida Severe motor impairment with incontinence (combined DW) --

Mild motor impairment and profound intellectual disability due to 

spina bifida

Mild motor impairment with profound intellectual 

disability
(combined DW) --

Moderate motor impairment and profound intellectual disability due to 

spina bifida

Moderate motor impairment with profound 

intellectual disability
(combined DW) --

Severe motor impairment and profound intellectual disability due to 

spina bifida

Severe motor impairment with profound 

intellectual disability
(combined DW) --

Mild motor impairment, profound intellectual disability and 

incontinence due to spina bifida

Mild motor impairment, profound intellectual 

functioning, and urinary incontinence
(combined DW) --

Moderate motor impairment, profound intellectual disability and 

incontinence due to spina bifida

Moderate motor impairment with profound 

intellectual disability and incontinence
(combined DW) --

profound motor impairment, profound intellectual disability and 

incontinence due to spina bifida

Severe motor impairment with profound 

intellectual disability and incontinence
(combined DW) --

Moderate motor impairment and borderline intellectual disability due 

to encephalocele

Moderate motor impairment and borderline 

intellectual functioning
(combined DW) --

Severe motor impairment, severe intellectual disability and 

incontinence due to spina bifida

Severe motor impairment with severe intellectual 

disability and incontinence
(combined DW) --

Mild motor impairment due to encephalocele Motor impairment, mild
has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)

Moderate motor impairment due to encephalocele Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Severe motor impairment due to encephalocele Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)

Mild motor impairment and moderate intellectual disability due to 

encephalocele

Mild motor impairment and moderate intellectual 

functioning
(combined DW) --

Severe motor impairment and mild intellectual disability due to 

encephalocele

Severe motor impairment with mild intellectual 

disability
(combined DW) --

Moderate motor impairment and mild intellectual disability due to 

encephalocele

Moderate motor impairment and mild intellectual 

functioning
(combined DW) --

Mild motor impairment and mild intellectual disability due to 

encephalocele
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Mild motor impairment and incontinence due to encephalocele Mild motor impairment and urinary incontinence (combined DW) --

Moderate motor impairment and incontinence due to encephalocele
Moderate motor impairment and urinary 

incontinence
(combined DW) --

Severe motor impairment and incontinence due to encephalocele Severe motor impairment with incontinence (combined DW) --

Mild motor impairment and borderline intellectual disability due to 

encephalocele

Mild motor impairment and borderline intellectual 

functioning
(combined DW) --

Severe motor impairment and borderline intellectual disability due to 

encephalocele

Severe motor impairment and borderline 

intellectual functioning
(combined DW) --

Moderate motor impairment, severe intellectual disability and 

incontinence due to spina bifida

Moderate motor impairment, servere intellectual 

functioning, and urinary incontinence
(combined DW) --

Mild motor impairment, severe intellectual disability and incontinence 

due to spina bifida

Mild motor impairment, servere intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, moderate intellectual disability and 

incontinence due to spina bifida

Severe motor impairment with moderate 

intellectual disability and incontinence
(combined DW) --

Severe motor impairment due to spina bifida Motor impairment, severe

is unable to move around without help, 

and is not able to lift or hold objects, get 

dressed or sit upright. 

0.402

(0.268-0.545)
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Moderate motor impairment due to spina bifida Motor impairment, moderate

has some difficulty in moving around, and 

difficulty in lifting and holding objects, 

dressing and sitting upright, but is able to 

walk without help.

0.061

(0.040-0.089)

Profound intellectual disability and incontinence due to encephalocele
Profound intellectual disability and urinary 

incontinence
(combined DW) --

Severe intellectual disability and incontinence due to encephalocele
Severe intellectual disability and urinary 

incontinence
(combined DW) --

Moderate intellectual disability and incontinence due to encephalocele
Moderate intellectual disability and urinary 

incontinence
(combined DW) --

Mild intellectual disability and incontinence due to encephalocele
Mild intellectual disability and urinary 

incontinence
(combined DW) --

Borderline intellectual disability and incontinence due to 

encephalocele

Borderline intellectual functioning and urinary 

incontinence
(combined DW) --

Incontinence due to encephalocele Urinary incontinence cannot control urinating.
0.139

(0.094-0.198)

Profound intellectual disability due to encephalocele
Intellectual disability / mental retardation, 

profound

has very low intelligence, has almost no 

language, and does not understand even 

the most basic requests or instructions. The 

person requires constant supervision and 

help for all activities.

0.200

(0.133-0.283)

Severe intellectual disability due to encephalocele Intellectual disability / mental retardation, severe

has very low intelligence and cannot speak 

more than a few words, needs constant 

supervision and help with most daily 

activities, and can do only the simplest 

tasks.

0.160

(0.107-0.226)

Moderate intellectual disability due to encephalocele
Intellectual disability / mental retardation, 

moderate

has low intelligence, and is slow in 

learning to speak and to do even simple 

tasks. As an adult,  the person requires a lot 

of support to live independently and raise 

children. The person can only work at the 

simplest supervised jobs.

0.100

(0.066-0.142)

Mild intellectual disability due to encephalocele Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Borderline intellectual disability due to encephalocele Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Asymptomatic encephalocele following treatment -- -- --

Severe motor and cognitive impairment due to anencephaly Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Mild motor impairment and borderline intellectual disability due to 

spina bifida

Mild motor impairment and borderline intellectual 

functioning
(combined DW) --

Moderate motor impairment and borderline intellectual disability due 

to spina bifida

Moderate motor impairment and borderline 

intellectual functioning
(combined DW) --

Severe motor impairment and borderline intellectual disability due to 

spina bifida

Severe motor impairment and borderline 

intellectual functioning
(combined DW) --

Mild motor impairment and mild intellectual disability due to spina 

bifida
Motor plus cognitive impairments, mild

has some difficulty in moving around but 

is able to walk without help. The person is 

slow in learning at school. As an adult,  the 

person has some difficulty doing complex 

or unfamiliar tasks but otherwise functions 

independently.

0.031

(0.018-0.050)

Moderate motor impairment, moderate intellectual disability and 

incontinence due to spina bifida

Moderate motor impairment, moderate 

intellectual functioning, and urinary incontinence
(combined DW) --

Mild motor impairment, moderate intellectual disability and 

incontinence due to spina bifida

Mild motor impairment, moderate intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, mild intellectual disability and incontinence 

due to spina bifida

Severe motor impairment with mild intellectual 

disability and incontinence
(combined DW) --

Moderate motor impairment, mild intellectual disability and 

incontinence due to spina bifida

Moderate motor impairment, mild intellectual 

functioning, and urinary incontinence
(combined DW) --

Mild motor impairment, mild intellectual disability and incontinence 

due to spina bifida

Mild motor impairment, mild intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, borderline intellectual disability and 

incontinence due to spina bifida

Severe motor impairment, borderline intellectual 

functioning, and urinary incontinence
(combined DW) --
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Moderate motor impairment, borderline intellectual disability and 

incontinence due to spina bifida

Moderate motor impairment, borderline 

intellectual functioning, and urinary incontinence
(combined DW) --

Moderate motor impairment and moderate intellectual disability due to 

encephalocele
Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Mild motor impairment, borderline intellectual disability and 

incontinence due to spina bifida

Mild motor impairment, borderline intellectual 

functioning, and urinary incontinence
(combined DW) --

Moderate motor impairment and severe intellectual disability due to 

spina bifida

Moderate motor impairment and severe 

intellectual functioning
(combined DW) --

Mild motor impairment and severe intellectual disability due to spina 

bifida

Mild motor impairment and severe intellectual 

functioning
(combined DW) --

Severe motor impairment and moderate intellectual disability due to 

spina bifida

Severe motor impairment with moderate 

intellectual disability
(combined DW) --

Moderate motor impairment and moderate intellectual disability due to 

spina bifida
Motor plus cognitive impairments, moderate

has some difficulty in moving around, 

holding objects, dressing and sitting 

upright, but can walk without help. The 

person has low intelligence and is slow in 

learning to speak and to do simple tasks.

0.203

(0.134-0.290)

Mild motor impairment and moderate intellectual disability due to 

spina bifida

Mild motor impairment and moderate intellectual 

functioning
(combined DW) --

Severe motor impairment and mild intellectual disability due to spina 

bifida

Severe motor impairment with mild intellectual 

disability
(combined DW) --

Moderate motor impairment and mild intellectual disability due to 

spina bifida

Moderate motor impairment and mild intellectual 

functioning
(combined DW) --

Severe motor impairment and severe intellectual disability due to spina 

bifida

Severe motor impairment with severe intellectual 

disability
(combined DW) --

Severe motor impairment and moderate intellectual disability due to 

encephalocele

Severe motor impairment with moderate 

intellectual disability
(combined DW) --

Mild motor impairment due to spina bifida Motor impairment, mild
has some difficulty in moving around but 

is able to walk without help.

0.010

(0.005-0.019)
Moderate motor impairment and severe intellectual disability due to 

encephalocele

Moderate motor impairment and severe 

intellectual functioning
(combined DW) --

Mild motor impairment, profound intellectual disability and 

incontinence due to encephalocele
Severe motor impairment with incontinence (combined DW) --

Severe motor impairment, severe intellectual disability and 

incontinence due to encephalocele

Severe motor impairment with severe intellectual 

disability and incontinence
(combined DW) --

Mild motor impairment and severe intellectual disability due to 

encephalocele

Mild motor impairment and severe intellectual 

functioning
(combined DW) --

Moderate motor impairment, severe intellectual disability and 

incontinence due to encephalocele

Moderate motor impairment, servere intellectual 

functioning, and urinary incontinence
(combined DW) --

Mild motor impairment, severe intellectual disability and incontinence 

due to encephalocele

Mild motor impairment, servere intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, moderate intellectual disability and 

incontinence due to encephalocele

Severe motor impairment with moderate 

intellectual disability and incontinence
(combined DW) --

Moderate motor impairment, moderate intellectual disability and 

incontinence due to encephalocele

Moderate motor impairment, moderate 

intellectual functioning, and urinary incontinence
(combined DW) --

Moderate motor impairment, profound intellectual disability and 

incontinence due to encephalocele

Mild motor impairment, profound intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, mild intellectual disability and incontinence 

due to encephalocele

Severe motor impairment with mild intellectual 

disability and incontinence
(combined DW) --

Mild motor impairment, moderate intellectual disability and 

incontinence due to encephalocele

Mild motor impairment, moderate intellectual 

functioning, and urinary incontinence
(combined DW) --

Mild motor impairment, mild intellectual disability and incontinence 

due to encephalocele

Mild motor impairment, mild intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, borderline intellectual disability and 

incontinence due to encephalocele

Severe motor impairment, borderline intellectual 

functioning, and urinary incontinence
(combined DW) --

Moderate motor impairment, borderline intellectual disability and 

incontinence due to encephalocele

Moderate motor impairment, borderline 

intellectual functioning, and urinary incontinence
(combined DW) --

Mild motor impairment, borderline intellectual disability and 

incontinence due to encephalocele

Mild motor impairment, borderline intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment and profound intellectual disability due to 

encephalocele
Severe motor impairment with incontinence (combined DW) --

Moderate motor impairment and profound intellectual disability due to 

encephalocele
Severe motor impairment with incontinence (combined DW) --

Mild motor impairment and profound intellectual disability due to 

encephalocele
Severe motor impairment with incontinence (combined DW) --

Severe motor impairment and severe intellectual disability due to 

encephalocele

Severe motor impairment with severe intellectual 

disability
(combined DW) --
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Moderate motor impairment, mild intellectual disability and 

incontinence due to encephalocele

Moderate motor impairment, mild intellectual 

functioning, and urinary incontinence
(combined DW) --

Severe motor impairment, profound intellectual disability and 

incontinence due to encephalocele

Severe motor impairment with severe intellectual 

disability and incontinence
(combined DW) --

Congenital heart disease without intellectual disability or heart failure 

due to single ventricle and single ventricle pathway heart defects
Congenital heart disease (custom DW from MEPS) --

Congenital heart disease and borderline intellectual disability without 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and borderline 

intellectual functioning
(combined DW) --

Congenital heart disease and mild intellectual disability without heart 

failure  due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, mild
(combined DW) --

Congenital heart disease, mild intellectual disability and mild heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, mild intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, profound intellectual disability and mild 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, profound intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and mild heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, severe intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and mild 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, moderate intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease and profound intellectual disability without 

heart failure due to other congenital cardiovascular anomalies

Congenital heart disease and Intellectual disability 

/ mental retardation, profound
(combined DW) --

Congenital heart disease, boderline intellectual disability and mild 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, borderline intellectual 

functioning, and mild heart failure
(combined DW) --

Congenital heart disease and mild heart failure without intellectual 

disability due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and mild heart failure (combined DW) --

Congenital heart disease and profound intellectual disability without 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, profound
(combined DW) --

Congenital heart disease and severe intellectual disability without heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, severe
(combined DW) --

Congenital heart disease and moderate intellectual disability without 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate
(combined DW) --

Congenital heart disease and mild intellectual disability without heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, mild
(combined DW) --

Congenital heart disease and moderate intellectual disability without 

heart failure  due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate
(combined DW) --

Congenital heart disease and severe intellectual disability without heart 

failure due to other congenital cardiovascular anomalies

Congenital heart disease and Intellectual disability 

/ mental retardation, severe
(combined DW) --

Congenital heart disease, mild intellectual disability and moderate 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, mild intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease and mild intellectual disability without heart 

failure due to other congenital cardiovascular anomalies

Congenital heart disease and Intellectual disability 

/ mental retardation, mild
(combined DW) --

Congenital heart disease, severe intellectual disability and mild heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, severe intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and mild 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, moderate intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and mild heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, mild intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, boderline intellectual disability and mild 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, borderline intellectual 

functioning, and mild heart failure
(combined DW) --

Congenital heart disease and mild heart failure without intellectual 

disability due to ventricular septal defect and atrial septal defect
Congenital heart disease and mild heart failure (combined DW) --

Congenital heart disease and profound intellectual disability without 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, profound
(combined DW) --

Congenital heart disease and severe intellectual disability without heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, severe
(combined DW) --

Congenital heart disease and moderate intellectual disability without 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate
(combined DW) --
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Congenital heart disease and mild intellectual disability without heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, mild
(combined DW) --

Congenital heart disease and borderline intellectual disability without 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and borderline 

intellectual functioning
(combined DW) --

Congenital heart disease without heart failure or intellectual disability 

due to ventricular septal defect and atrial septal defect
Congenital heart disease (custom DW from MEPS) --

Congenital heart disease and moderate intellectual disability without 

heart failure due to other congenital cardiovascular anomalies

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate
(combined DW) --

Congenital heart disease, profound intellectual disability and severe 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, profound intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and severe 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, moderate intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and severe heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, mild intellectual 

disability, and servere heart failure
(combined DW) --

Congenital heart disease, borderline intellectual disability and severe 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease,borderline intellectual 

functioning, and severe heart failure
(combined DW) --

Congenital heart disease and severe heart failure without intellectual 

disability due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and severe heart failure (combined DW) --

Congenital heart disease, profound intellectual disability and moderate 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, profound intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and moderate 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, severe intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and moderate 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, moderate intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease and borderline intellectual disability without 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and borderline 

intellectual functioning
(combined DW) --

Asymptomatic ventricular septal defect and atrial septal defect -- -- --

Congenital heart disease without intellectual disability or heart failure 

due to other congenital cardiovascular anomalies
Congenital heart disease (custom DW from MEPS) --

Congenital heart disease and borderline intellectual disability without 

heart failure due to other congenital cardiovascular anomalies

Congenital heart disease and borderline 

intellectual functioning
(combined DW) --

Congenital heart disease, severe intellectual disability and severe heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease, severe intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease without heart failure or intellectual disability 

due to critical malformations of great vessels, congenital valvular heart 

disease and patent ductus arteriosus

Congenital heart disease (custom DW from MEPS) --

Congenital heart disease, moderate intellectual disability and moderate 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, moderate intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease and severe intellectual disability without heart 

failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, severe
(combined DW) --

Congenital heart disease, profound intellectual disability and severe 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, profound intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and severe heart 

failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, severe intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and severe 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, moderate intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and severe heart 

failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, mild intellectual 

disability, and servere heart failure
(combined DW) --

Congenital heart disease and mild heart failure without intellectual 

disability due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and mild heart failure (combined DW) --

Congenital heart disease, boderline intellectual disability and mild 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, borderline intellectual 

functioning, and mild heart failure
(combined DW) --
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Congenital heart disease, mild intellectual disability and mild heart 

failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, mild intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, borderline intellectual disability and severe 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease,borderline intellectual 

functioning, and severe heart failure
(combined DW) --

Congenital heart disease and severe heart failure without intellectual 

disability due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and severe heart failure (combined DW) --

Congenital heart disease, profound intellectual disability and moderate 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, profound intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and moderate 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, severe intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and moderate 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, moderate intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and moderate 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, mild intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, borderline intellectual disability and 

moderate heart failure due to single ventricle and single ventricle 

pathway heart defects

Congenital heart disease, borderline intellectual 

functioning, and moderate heart failure
(combined DW) --

Congenital heart disease, profound intellectual disability and mild 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, profound intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease and moderate heart failure without 

intellectual disability due to single ventricle and single ventricle 

pathway heart defects

Congenital heart disease and moderate heart 

failure
(combined DW) --

Congenital heart disease, profound intellectual disability and mild 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, profound intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and mild heart 

failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, severe intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and mild 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease, moderate intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease without intellectual disability or heart failure 

due to severe congenital heart anomalies excluding single ventricle 

heart defects

Congenital heart disease (custom DW from MEPS) --

Congenital heart disease, profound intellectual disability and severe 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, profound intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease and borderline intellectual disability without 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and borderline 

intellectual functioning
(combined DW) --

Congenital heart disease and moderate intellectual disability  without 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate
(combined DW) --

Congenital heart disease, severe intellectual disability and severe heart 

failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, severe intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and severe 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, moderate intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and severe heart 

failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, mild intellectual 

disability, and servere heart failure
(combined DW) --

Congenital heart disease, borderline intellectual disability and severe 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease,borderline intellectual 

functioning, and severe heart failure
(combined DW) --

Congenital heart disease and severe heart failure without intellectual 

disability due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and severe heart failure (combined DW) --

Congenital heart disease, profound intellectual disability and moderate 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, profound intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and moderate 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, severe intellectual 

disability, and moderate heart failure
(combined DW) --
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Congenital heart disease, mild intellectual disability and moderate 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, mild intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease and profound intellectual disability without 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, profound
(combined DW) --

Congenital heart disease, borderline intellectual disability and 

moderate heart failure due to severe congenital heart anomalies 

excluding single ventricle heart defects

Congenital heart disease, borderline intellectual 

functioning, and moderate heart failure
(combined DW) --

Congenital heart disease and moderate heart failure without 

intellectual disability due to severe congenital heart anomalies 

excluding single ventricle heart defects

Congenital heart disease and moderate heart 

failure
(combined DW) --

Congenital heart disease, profound intellectual disability and mild 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, profound intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and mild heart 

failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, severe intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and mild 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, moderate intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and mild heart 

failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, mild intellectual 

disability, and mild heart failure
(combined DW) --

Congenital heart disease, boderline intellectual disability and mild 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease, borderline intellectual 

functioning, and mild heart failure
(combined DW) --

Congenital heart disease and mild heart failure without intellectual 

disability due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and mild heart failure (combined DW) --

Congenital heart disease and profound intellectual disability without 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, profound
(combined DW) --

Congenital heart disease and severe intellectual disability  without 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, severe
(combined DW) --

Congenital heart disease and mild intellectual disability  without heart 

failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, mild
(combined DW) --

Congenital heart disease and moderate heart failure without 

intellectual disability due to ventricular septal defect and atrial septal 

defect

Congenital heart disease and moderate heart 

failure
(combined DW) --

Congenital heart disease, borderline intellectual disability and 

moderate heart failure due to critical malformations of great vessels, 

congenital valvular heart disease and patent ductus arteriosus

Congenital heart disease, borderline intellectual 

functioning, and moderate heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and moderate 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, mild intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and treated heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, mild and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, moderate intellectual disability and treated 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, moderate intellectual disability and treated 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, moderate intellectual disability and treated 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, moderate intellectual disability and treated 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, moderate and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, profound intellectual disability and treated 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, severe and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --
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Congenital heart disease, mild intellectual disability and treated heart 

failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, mild and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, profound intellectual disability and treated 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, severe and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, profound intellectual disability and treated 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, severe and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, severe intellectual disability and treated 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, profound and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, severe intellectual disability and treated 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, profound and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, severe intellectual disability and treated 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and Intellectual disability 

/ mental retardation, profound and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, severe intellectual disability and treated 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, profound and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease and moderate heart failure without 

intellectual disability due to critical malformations of great vessels, 

congenital valvular heart disease and patent ductus arteriosus

Congenital heart disease and moderate heart 

failure
(combined DW) --

Congenital heart disease, profound intellectual disability and treated 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and Intellectual disability 

/ mental retardation, severe and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, mild intellectual disability and treated heart 

failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and Intellectual disability 

/ mental retardation, mild and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, mild intellectual disability and treated heart 

failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and Intellectual disability 

/ mental retardation, mild and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, boderline intellectual disability and treated 

heart failure due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and borderline 

intellectual functioning and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, moderate intellectual disability and moderate 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, moderate intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, severe intellectual disability and moderate 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, severe intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease, profound intellectual disability and moderate 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, profound intellectual 

disability, and moderate heart failure
(combined DW) --

Congenital heart disease and severe heart without intellectual disability 

due to ventricular septal defect and atrial septal defect
Congenital heart disease and severe heart failure (combined DW) --

Congenital heart disease, borderline intellectual disability and severe 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease,borderline intellectual 

functioning, and severe heart failure
(combined DW) --

Congenital heart disease, mild intellectual disability and severe heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, mild intellectual 

disability, and servere heart failure
(combined DW) --

Congenital heart disease, boderline intellectual disability and treated 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease and borderline 

intellectual functioning and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, severe intellectual disability and severe heart 

failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, severe intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, moderate intellectual disability and severe 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, moderate intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease and treated heart failure without intellectual 

disability due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --
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Congenital heart disease and treated heart failure without intellectual 

disability due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease and treated heart failure without intellectual 

disability due to single ventricle and single ventricle pathway heart 

defects

Congenital heart disease and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease and treated heart failure without intellectual 

disability due to ventricular septal defect and atrial septal defect

Congenital heart disease and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, boderline intellectual disability and treated 

heart failure due to critical malformations of great vessels, congenital 

valvular heart disease and patent ductus arteriosus

Congenital heart disease and borderline 

intellectual functioning and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, boderline intellectual disability and treated 

heart failure due to severe congenital heart anomalies excluding single 

ventricle heart defects

Congenital heart disease and borderline 

intellectual functioning and generic 

uncomplicated disease: worry and daily 

medication

(combined DW) --

Congenital heart disease, profound intellectual disability and severe 

heart failure due to ventricular septal defect and atrial septal defect

Congenital heart disease, profound intellectual 

disability, and severe heart failure
(combined DW) --

Congenital heart disease, borderline intellectual disability and 

moderate heart failure due to ventricular septal defect and atrial septal 

defect

Congenital heart disease, borderline intellectual 

functioning, and moderate heart failure
(combined DW) --

Disfigurement level 1 due to orofacial clefts Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Disfigurement level 2 and speech problems due to orofacial clefts Speech problems with disfigurement level 2 (combined DW) --

Disfigurement level 2 due to orofacial clefts Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Asymptomatic orofacial clefts -- -- --

Asymptomatic Down syndrome -- -- --

Profound intellectual disability, moderate dementia, and congenital 

heart disease due to Down syndrome

Congenital heart disease, moderate dementia, 

profound intellectual disability
(combined DW) --

Borderline intellectual disability, severe dementia, and congenital 

heart disease due to Down syndrome

Congenital heart disease, severe dementia, 

borderline intellectual disability
(combined DW) --

Mild intellectual disability, severe dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, severe dementia, mild 

intellectual disability
(combined DW) --

Moderate intellectual disability, severe dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, severe dementia, 

moderate intellectual disability
(combined DW) --

Severe intellectual disability, severe dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, severe dementia, severe 

intellectual disability
(combined DW) --

Profound intellectual disability, severe dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, severe dementia, 

profound intellectual disability
(combined DW) --

Profound intellectual disability and mild dementia due to Down 

syndrome
Mild dementia, profound intellectual disability (combined DW) --

Severe intellectual disability and mild dementia due to Down syndrome Mild dementia, severe intellectual disability (combined DW) --

Moderate intellectual disability and mild dementia due to Down 

syndrome
Mild dementia, moderate intellectual disability (combined DW) --

Mild intellectual disability and mild dementia due to Down syndrome Mild dementia, mild intellectual disability (combined DW) --

Borderline intellectual disability and mild dementia due to Down 

syndrome
Mild dementia, borderline intellectual disability (combined DW) --

Profound intellectual disability and moderate dementia due to Down 

syndrome

Moderate dementia, profound intellectual 

disability
(combined DW) --

Severe intellectual disability and moderate dementia due to Down 

syndrome
Moderate dementia, severe intellectual disability (combined DW) --

Moderate intellectual disability and moderate dementia due to Down 

syndrome

Moderate dementia, moderate intellectual 

disability
(combined DW) --

Mild intellectual disability and moderate dementia due to Down 

syndrome
Moderate dementia, mild intellectual disability (combined DW) --

Borderline intellectual disability and moderate dementia due to Down 

syndrome

Moderate dementia, borderline intellectual 

disability
(combined DW) --

Profound intellectual disability and severe dementia due to Down 

syndrome
Severe dementia, profound intellectual disability (combined DW) --

Severe intellectual disability and severe dementia due to Down 

syndrome
Severe dementia, severe intellectual disability (combined DW) --

Moderate intellectual disability and severe dementia due to Down 

syndrome
Severe dementia, moderate intellectual disability (combined DW) --

Mild intellectual disability and severe dementia due to Down syndrome Severe dementia, mild intellectual disability (combined DW) --
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Borderline intellectual disability and severe dementia due to Down 

syndrome
Severe dementia, borderline intellectual disability (combined DW) --

Isolated congenital heart disease due to Down syndrome Congenital heart disease (custom DW from MEPS) --

Moderate intellectual disability, moderate dementia, and congenital 

heart disease due to Down syndrome

Congenital heart disease, moderate dementia, 

moderate intellectual disability
(combined DW) --

Severe intellectual disability, moderate dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, moderate dementia, 

severe intellectual disability
(combined DW) --

Borderline intellectual disability, moderate dementia, and congenital 

heart disease due to Down syndrome

Congenital heart disease, moderate dementia, 

borderline intellectual disability
(combined DW) --

Borderline intellectual disability due to Down syndrome Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Mild intellectual disability due to Down syndrome Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Moderate intellectual disability due to Down syndrome
Intellectual disability / mental retardation, 

moderate

has low intelligence, and is slow in 

learning to speak and to do even simple 

tasks. As an adult,  the person requires a lot 

of support to live independently and raise 

children. The person can only work at the 

simplest supervised jobs.

0.100

(0.066-0.142)

Severe intellectual disability due to Down syndrome Intellectual disability / mental retardation, severe

has very low intelligence and cannot speak 

more than a few words, needs constant 

supervision and help with most daily 

activities, and can do only the simplest 

tasks.

0.160

(0.107-0.226)

Borderline intellectual disability with congenital heart disease due to 

Down syndrome

Borderline intellectual disability with congenital 

heart disease
(combined DW) --

Mild intellectual disability with congenital heart disease due to Down 

syndrome

Mild intellectual disability with congenital heart 

disease
(combined DW) --

Moderate intellectual disability with congenital heart disease due to 

Down syndrome

Moderate intellectual disability with congenital 

heart disease
(combined DW) --

Mild intellectual disability, moderate dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, moderate dementia, 

mild intellectual disability
(combined DW) --

Profound intellectual disability with congenital heart disease due to 

Down syndrome

Profound intellectual disability with congenital 

heart disease
(combined DW) --

Mild dementia due to Down syndrome Dementia, mild

has some trouble remembering recent 

events, and finds it hard to concentrate 

and make decisions and plans.

0.069

(0.046-0.099)

Severe intellectual disability with congenital heart disease due to Down 

syndrome

Severe intellectual disability with congenital heart 

disease
(combined DW) --

Severe dementia due to Down syndrome Dementia, severe

has complete memory loss; no longer 

recognizes close family members; and 

requires help with all daily activities.

0.449

(0.304-0.595)

Congenital heart disease and mild dementia due to Down syndrome Congenital heart disease and mild dementia (combined DW) --

Congenital heart disease and moderate dementia due to Down syndrome Congenital heart disease and moderate dementia (combined DW) --

Congenital heart disease and severe dementia due to Down syndrome Congenital heart disease and severe dementia (combined DW) --

Borderline intellectual disability, mild dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, mild dementia, 

borderline intellectual disability
(combined DW) --

Mild intellectual disability, mild dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, mild dementia, mild 

intellectual disability
(combined DW) --

Moderate intellectual disability, mild dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, mild dementia, 

moderate intellectual disability
(combined DW) --

Severe intellectual disability, mild dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, mild dementia, severe 

intellectual disability
(combined DW) --

Profound intellectual disability, mild dementia, and congenital heart 

disease due to Down syndrome

Congenital heart disease, mild dementia, profound 

intellectual disability
(combined DW) --

Moderate dementia due to Down syndrome Dementia, moderate

has memory problems and confusion, feels 

disoriented, at times hears voices that are 

not real,  and needs help with some daily 

activities.

0.377

(0.252-0.508)

Profound intellectual disability due to Down syndrome
Intellectual disability / mental retardation, 

profound

has very low intelligence, has almost no 

language, and does not understand even 

the most basic requests or instructions. The 

person requires constant supervision and 

help for all activities.

0.200

(0.133-0.283)

Congenital heart disease due to Turner syndrome Congenital heart disease (custom DW from MEPS) --

Primary infertility due to Turner syndrome Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)
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Congenital heart disease with infertility due to Turner syndrome Congenital heart disease with primary infertility (combined DW) --

Asymptomatic Turner syndrome -- -- --

Primary infertility due to Klinefelter syndrome Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)

Asymptomatic Klinefelter syndrome -- -- --

Mild intellectual disability with infertility due to Klinefelter syndrome Mild intellectual disability with primary infertility (combined DW) --

Mild intellectual disability due to Klinefelter syndrome Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Borderline intellectual disability due to Klinefelter syndrome Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Borderline intellectual disability with infertility due to Klinefelter 

syndrome

Borderline intellectual disability with primary 

infertility
(combined DW) --

Mild intellectual disability, severe dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, severe dementia, mild 

intellectual disability
(combined DW) --

Mild intellectual disability and mild dementia due to other 

chromosomal abnormalities
Mild dementia, mild intellectual disability (combined DW) --

Moderate intellectual disability and mild dementia due to other 

chromosomal abnormalities
Mild dementia, moderate intellectual disability (combined DW) --

Severe intellectual disability and mild dementia due to other 

chromosomal abnormalities
Mild dementia, severe intellectual disability (combined DW) --

Profound intellectual disability and mild dementia due to other 

chromosomal abnormalities
Mild dementia, profound intellectual disability (combined DW) --

Moderate intellectual disability, severe dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, severe dementia, 

moderate intellectual disability
(combined DW) --

Severe intellectual disability, severe dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, severe dementia, severe 

intellectual disability
(combined DW) --

Borderline intellectual disability and mild dementia due to other 

chromosomal abnormalities
Mild dementia, borderline intellectual disability (combined DW) --

Borderline intellectual disability, severe dementia, and congenital 

heart disease due to other chromosomal abnormalities

Congenital heart disease, severe dementia, 

borderline intellectual disability
(combined DW) --

Profound intellectual disability, moderate dementia, and congenital 

heart disease due to other chromosomal abnormalities

Congenital heart disease, moderate dementia, 

profound intellectual disability
(combined DW) --

Profound intellectual disability, severe dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, severe dementia, 

profound intellectual disability
(combined DW) --

Profound intellectual disability and moderate dementia due to other 

chromosomal abnormalities

Moderate dementia, profound intellectual 

disability
(combined DW) --

Mild intellectual disability and moderate dementia due to other 

chromosomal abnormalities
Moderate dementia, mild intellectual disability (combined DW) --

Moderate intellectual disability and moderate dementia due to other 

chromosomal abnormalities

Moderate dementia, moderate intellectual 

disability
(combined DW) --

Severe intellectual disability, moderate dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, moderate dementia, 

severe intellectual disability
(combined DW) --

Borderline intellectual disability and moderate dementia due to other 

chromosomal abnormalities

Moderate dementia, borderline intellectual 

disability
(combined DW) --

Profound intellectual disability and severe dementia due to other 

chromosomal abnormalities
Severe dementia, profound intellectual disability (combined DW) --

Severe intellectual disability and severe dementia due to other 

chromosomal abnormalities
Severe dementia, severe intellectual disability (combined DW) --

Moderate intellectual disability and severe dementia due to other 

chromosomal abnormalities
Severe dementia, moderate intellectual disability (combined DW) --

Mild intellectual disability and severe dementia due to other 

chromosomal abnormalities
Severe dementia, mild intellectual disability (combined DW) --

Borderline intellectual disability and severe dementia due to other 

chromosomal abnormalities
Severe dementia, borderline intellectual disability (combined DW) --

Severe motor and cognitive impairment due to Edward Syndrome or 

Patau Syndrome
Motor plus cognitive impairments, severe

cannot move around without help, and 

cannot lift or hold objects, get dressed or 

sit upright. The person also has very low 

intelligence, speaks few words, and needs 

constant supervision and help with all 

daily activities.

0.542

(0.374-0.702)

Severe motor and cognitive impairment with congenital heart disease 

due to Edward Syndrome or Patau Syndrome

Severe motor plus cognitive impairments and 

congenital heart disease
(combined DW) --

Severe intellectual disability and moderate dementia due to other 

chromosomal abnormalities
Moderate dementia, severe intellectual disability (combined DW) --

Moderate intellectual disability, moderate dementia, and congenital 

heart disease due to other chromosomal abnormalities

Congenital heart disease, moderate dementia, 

moderate intellectual disability
(combined DW) --

1087



Appendix Table 5. GBD 2017 sequelae, health states, health state lay descriptions, and disability weights

Mild intellectual disability, moderate dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, moderate dementia, 

mild intellectual disability
(combined DW) --

Borderline intellectual disability, moderate dementia, and congenital 

heart disease due to other chromosomal abnormalities

Congenital heart disease, moderate dementia, 

borderline intellectual disability
(combined DW) --

Asymptomatic other chromosomal abnormalities -- -- --

Isolated congenital heart disease due to other chromosomal 

abnormalities
Congenital heart disease (custom DW from MEPS) --

Borderline intellectual disability due to other chromosomal 

abnormalities
Borderline intellectual functioning

is slow in learning at school. As an adult,  

the person has some difficulty doing 

complex or unfamiliar tasks but otherwise 

functions independently.

0.011

(0.005-0.020)

Mild intellectual disability due to other chromosomal abnormalities Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Moderate intellectual disability due to other chromosomal 

abnormalities

Intellectual disability / mental retardation, 

moderate

has low intelligence, and is slow in 

learning to speak and to do even simple 

tasks. As an adult,  the person requires a lot 

of support to live independently and raise 

children. The person can only work at the 

simplest supervised jobs.

0.100

(0.066-0.142)

Severe intellectual disability due to other chromosomal abnormalities Intellectual disability / mental retardation, severe

has very low intelligence and cannot speak 

more than a few words, needs constant 

supervision and help with most daily 

activities, and can do only the simplest 

tasks.

0.160

(0.107-0.226)

Profound intellectual disability due to other chromosomal abnormalities
Intellectual disability / mental retardation, 

profound

has very low intelligence, has almost no 

language, and does not understand even 

the most basic requests or instructions. The 

person requires constant supervision and 

help for all activities.

0.200

(0.133-0.283)

Borderline intellectual disability with congenital heart disease due to 

other chromosomal abnormalities

Borderline intellectual disability with congenital 

heart disease
(combined DW) --

Mild intellectual disability with congenital heart disease due to other 

chromosomal abnormalities

Mild intellectual disability with congenital heart 

disease
(combined DW) --

Moderate intellectual disability with congenital heart disease due to 

other chromosomal abnormalities

Moderate intellectual disability with congenital 

heart disease
(combined DW) --

Profound intellectual disability with congenital heart disease due to 

other chromosomal abnormalities

Profound intellectual disability with congenital 

heart disease
(combined DW) --

Severe intellectual disability with congenital heart disease due to other 

chromosomal abnormalities

Severe intellectual disability with congenital heart 

disease
(combined DW) --

Moderate dementia due to other chromosomal abnormalities Dementia, moderate

has memory problems and confusion, feels 

disoriented, at times hears voices that are 

not real,  and needs help with some daily 

activities.

0.377

(0.252-0.508)

Severe dementia due to other chromosomal abnormalities Dementia, severe

has complete memory loss; no longer 

recognizes close family members; and 

requires help with all daily activities.

0.449

(0.304-0.595)

Congenital heart disease and mild dementia due to other chromosomal 

abnormalities
Congenital heart disease and mild dementia (combined DW) --

Congenital heart disease and moderate dementia due to other 

chromosomal abnormalities
Congenital heart disease and moderate dementia (combined DW) --

Congenital heart disease and severe dementia due to other 

chromosomal abnormalities
Congenital heart disease and severe dementia (combined DW) --

Borderline intellectual disability, mild dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, mild dementia, 

borderline intellectual disability
(combined DW) --

Mild intellectual disability, mild dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, mild dementia, mild 

intellectual disability
(combined DW) --

Moderate intellectual disability, mild dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, mild dementia, 

moderate intellectual disability
(combined DW) --

Severe intellectual disability, mild dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, mild dementia, severe 

intellectual disability
(combined DW) --

Profound intellectual disability, mild dementia, and congenital heart 

disease due to other chromosomal abnormalities

Congenital heart disease, mild dementia, profound 

intellectual disability
(combined DW) --

Mild dementia due to other chromosomal abnormalities Dementia, mild

has some trouble remembering recent 

events, and finds it hard to concentrate 

and make decisions and plans.

0.069

(0.046-0.099)

Disfigurement level 2 with pain and moderate motor impairment due to 

congenital limb deficiency

Level 2 disfigurement with itch/pain and moderate 

motor impairment
(combined DW) --

Disfigurement level 2 and moderate motor impairment due to other 

congenital musculoskeletal anomalies

Level 2 disfigurement with moderate motor 

impairment
(combined DW) --
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Disfigurement level 2 with pain due to other congenital 

musculoskeletal anomalies
Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Disfigurement level 2 due to other congenital musculoskeletal 

anomalies
Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Disfigurement level 2 with pain and mild motor impairment due to 

congenital limb deficiency

Level 2 disfigurement with itch/pain and mild 

motor impairment
(combined DW) --

Disfigurement level 2 and mild motor impairment due to other 

congenital musculoskeletal anomalies

Level 2 disfigurement with mild motor 

impairment
(combined DW) --

Disfigurement level 2 and mild motor impairment due to congenital 

limb deficiency

Level 2 disfigurement with mild motor 

impairment
(combined DW) --

Disfigurement level 2 with pain due to congenital limb deficiency Disfigurement, level 2, with itch/pain

has a visible physical deformity that is 

sore and itchy. Other people stare and 

comment, which causes the person to 

worry. The person has trouble sleeping and 

concentrating.

0.188

(0.125-0.267)

Disfigurement level 2 due to congenital limb deficiency Disfigurement, level 2

has a visible physical deformity that 

causes others to stare and comment. As a 

result,  the person is worried and has 

trouble sleeping and concentrating.

0.067

(0.044-0.096)

Disfigurement level 1 due to polydactyly and syndactyly Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Disfigurement level 2 with pain and moderate motor impairment due to 

other congenital musculoskeletal anomalies

Level 2 disfigurement with itch/pain and moderate 

motor impairment
(combined DW) --

Disfigurement level 2 and moderate motor impairment due to 

congenital limb deficiency

Level 2 disfigurement with moderate motor 

impairment
(combined DW) --

Disfigurement level 2 with pain and mild motor impairment due to 

other congenital musculoskeletal anomalies

Level 2 disfigurement with itch/pain and mild 

motor impairment
(combined DW) --

Atypical genitalia, incontinence, impotence, and recurrent urinary 

tract infections or other abdominal issues and impotence due to 

congenital anomalies of the urinary tract

Mild abdominopelvic problem, urinary 

incontinence, impotence, and level 1 

disfigurement

(combined DW) --

Incontinence, impotence, and recurrent urinary tract infections or other 

abdominal issues and impotence due to congenital anomalies of the 

urinary tract

Mild abdominopelvic problem, urinary 

incontinence, and impotence
(combined DW) --

Primary infertility due to congenital genital anomalies Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)
Atypical genitalia and primary infertility due to congenital genital 

anomalies
Disfigurement level 1 and primary infertility (combined DW) --

Atypical genitalia and impotence due to congenital genital anomalies Level 1 disfigurement and impotence (combined DW) --

Primary infertility and recurrent urinary tract infections or other 

abdominal issues due to congenital genital anomalies
Mild abdominal pain and primary infertility (combined DW) --

Impotence and recurrent urinary tract infections or other abdominal 

issues due to congenital genital anomalies
Mild abdominopelvic problem and impotence (combined DW) --

Infertility and impotence due to congenital genital anomalies Primary infertility and impotence (combined DW) --

Atypical genitalia, recurrent urinary tract infections or other abdominal 

issues and infertility due to congenital genital anomalies

Mild abdominopelvic problem, level 1 

disfigurement and primary infertility
(combined DW) --

Atypical genitalia, recurrent urinary tract infections or other abdominal 

issues and impotence due to congenital genital anomalies

Mild abdominopelvic problem, level 1 

disfigurement and impotence
(combined DW) --

Atypical genitalia, infertility and impotence due to congenital genital 

anomalies

Mild abdominopelvic problem, level 1 

disfigurement and primary infertility
(combined DW) --

Infertility, impotence, and recurrent urinary tract infections or other 

abdominal issues and impotence due to congenital genital anomalies

Mild abdominopelvic problem,  primary 

infertility, and impotence
(combined DW) --

Atypical genitalia, infertility, impotence, and recurrent urinary tract 

infections or other abdominal issues and impotence due to congenital 

genital anomalies

Mild abdominopelvic problem,  primary 

infertility, impotence, and level 1 disfigurement
(combined DW) --

Asymptomatic congenital anomalies of the urinary tract -- -- --

Atypical genitalia due to congenital anomalies of the urinary tract Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Incontinence due to congenital anomalies of the urinary tract Urinary incontinence cannot control urinating.
0.139

(0.094-0.198)

Impotence due to congenital anomalies of the urinary tract Impotence
has difficulty in obtaining or maintaining 

an erection.

0.017

(0.009-0.030)

Recurrent urinary tract infections or other abdominal issues due to 

congenital anomalies of the urinary tract
Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)
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Atypical genital and recurrent urinary tract infections and other 

abdominal issues due to congenital anomalies of the urinary tract

Mild abdominopelvic problem and level 1 

disfigurement
(combined DW) --

Atypical genitalia and incontinence due to congenital anomalies of the 

urinary tract

Mild abdominopelvic problem and level 1 

disfigurement
(combined DW) --

Atypical genitalia and impotence due to congenital anomalies of the 

urinary tract
Level 1 disfigurement and impotence (combined DW) --

Incontinence and recurrent urinary tract infections or other abdominal 

issues due to congenital anomalies of the urinary tract
Level 1 disfigurement and urinary incontinence (combined DW) --

Impotence and recurrent urinary tract infections or other abdominal 

issues due to congenital anomalies of the urinary tract
Mild abdominopelvic problem and impotence (combined DW) --

Incontinence and impotence due to congenital anomalies of the urinary 

tract
urinary incontinence and impotence (combined DW) --

Atypical genitalia, recurrent urinary tract infections or other abdominal 

issues and incontinence due to congenital anomalies of the urinary tract

Mild abdominopelvic problem, urinary 

incontinence, and level 1 disfigurement
(combined DW) --

Atypical genitalia, recurrent urinary tract infections or other abdominal 

issues and impotence due to congenital anomalies of the urinary tract

Mild abdominopelvic problem, level 1 

disfigurement and impotence
(combined DW) --

Atypical genital and recurrent urinary tract infections and other 

abdominal issues due to congenital genital anomalies

Mild abdominopelvic problem and level 1 

disfigurement
(combined DW) --

Atypical genitalia due to congenital genital anomalies Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Recurrent urinary tract infections or other abdominal issues due to 

congenital genital anomalies
Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Atypical genitalia, incontinence and impotence due to congenital 

anomalies of the urinary tract

Mild abdominopelvic problem, urinary 

incontinence, and level 1 disfigurement
(combined DW) --

Asymptomatic congenital genital anomalies -- -- --

Impotence due to congenital genital anomalies Impotence
has difficulty in obtaining or maintaining 

an erection.

0.017

(0.009-0.030)

Chronic abdominal pain, disfigurement and  chronic respiratory 

problems due to congenital diaphragmatic hernia

Mild abdominopelvic problem,  mild COPD and 

other chronic respiratory problems, and level 1 

disfigurement with itch/pain 

(combined DW) --

Chronic abdominal pain and/or nausea with acid reflux, dyspahgia, 

and/or constipation  due to other congenital malformations of the 

digestive tract

Mild abdominopelvic problem and moderate 

abdominopelvic problem
(combined DW) --

Chronic abdominal pain and/or nausea due to other congenital 

malformations of the digestive tract
Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Acid reflux, dyspahgia, and/or constipation due to other congenital 

malformations of the digestive tract
Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Asymptomatic other congenital malformations of the digestive tract -- -- --

Constipation, chronic abdominal pain and concern about scars due to 

congenital malformations of the abdominal wall

Mild abdominopelvic problem, moderate 

abdominopelvic problem, and level 1 

disfigurement

(combined DW) --

Constipation and chronic abdominal pain due to congenital 

malformations of the abdominal wall

Mild abdominopelvic problem and moderate 

abdominopelvic problem
(combined DW) --

Chronic abdominal pain and concern about scars due to congenital 

malformations of the abdominal wall

Moderate abdominopelvic problem and level 1 

disfigurement
(combined DW) --

Constipation and concern about scars due to congenital malformations 

of the abdominal wall

Mild abdominopelvic problem and level 1 

disfigurement
(combined DW) --

Chronic abdominal pain due to congenital malformations of the 

abdominal wall
Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Constipation due to congenital malformations of the abdominal wall Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Chronic abdominal pain, disfigurement and developmental delay due to 

congenital diaphragmatic hernia

Mild abdominopelvic problem, mild intellectual 

disability, and level 1 disfigurement with itch/pain
(combined DW) --

Dysphagia or acid reflux, chronic abdominal pain and chronic 

respiratory problems due to congenital atresia and/or stenosis of the 

digestive tract

Mild abdominopelvic problem, moderate 

abdominopelvic problem, and mild COPD and 

other chronic respiratory problems

(combined DW) --

Dysphagia or acid reflux and chronic abdominal pain due to congenital 

atresia and/or stenosis of the digestive tract

Mild abdominopelvic problem and moderate 

abdominopelvic problem
(combined DW) --

Chronic respiratory problems and abdominal pain due to congenital 

atresia and/or stenosis of the digestive tract

Mild abdominopelvic problem and mild COPD and 

other chronic respiratory problems
(combined DW) --

Chronic respiratory problems and dysphagia or acid reflux due to 

congenital atresia and/or stenosis of the digestive tract

Mild abdominopelvic problem and mild COPD and 

other chronic respiratory problems
(combined DW) --
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Chronic respiratory problems including difficulty breaking and recurrent 

upper respiratory infections due to atresia and/or stenosis of the 

digestive tract

COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Chronic abdominal pain due to congenital atresia and/or stenosis of the 

digestive tract
Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Dysphagia or acid reflux due to congenital atresia and/or stenosis of the 

digestive tract
Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Asymptomatic congenital atresia and/or stenosis of the digestive tract -- -- --

Asymptomatic congenital diaphragmatic hernia -- -- --

Chronic abdominal pain, disfigurement, developmental delay and  

chronic respiratory problems due to congenital diaphragmatic hernia

Mild abdominopelvic problem, mild COPD and 

other chronic respiratory problems, mild 

intellectual disability, and level 1 disfigurement 

with itch/pain

(combined DW) --

Disfigurement, chronic respiratory problems and developmental delay 

due to congenital diaphragmatic hernia

Mild COPD and other chronic respiratory problems, 

mild intellectual disability, and level 1 

disfigurement with itch/pain

(combined DW) --

Chronic abdominal pain, chronic respiratory problems and 

developmental delay due to congenital diaphragmatic hernia

Mild abdominopelvic problem,  mild COPD and 

other chronic respiratory problems, and level 1 

disfigurement with itch/pain 

(combined DW) --

Asymptomatic congenital malformations of the abdominal wall after 

treatment
-- -- --

Disfigurement from scars following treatment for congenital 

malformations of the abdominal wall
Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Chronic abdominal pain due to congenital diaphragmatic hernia Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Disfigurement and developmental delay due to congenital 

diaphragmatic hernia

Level 1 disfigurement with itch/pain and mild 

intellectual disability
(combined DW) --

Disfigurement due to congenital diaphragmatic hernia Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Mild chronic respiratory problems and breathlessness due to congenital 

diaphragmatic hernia
COPD and other chronic respiratory problems, mild

has cough and shortness of breath after 

heavy physical activity, but is able to 

walk long distances and climb stairs.

0.019

(0.011-0.033)

Developmental delay or mild intellectual disability due to congenital 

diaphragmatic hernia
Intellectual disability / mental retardation, mild

has low intelligence and is slow in 

learning at school. As an adult,  the person 

can live independently, but often needs 

help to raise children and can only work at 

simple supervised jobs.

0.043

(0.026-0.064)

Chronic abdominal pain and disfigurement due to congenital 

diaphragmatic hernia

Level 1 disfigurement with itch/pain and mild 

abdominopelvic problem
(combined DW) --

Chronic abdominal pain and mild chronic respiratory problems due to 

congenital diaphragmatic hernia

Mild abdominopelvic problem and mild COPD and 

other chronic respiratory problems
(combined DW) --

 Mild chronic respiratory problems and developmental delay due to 

congenital diaphragmatic hernia

Mild intellectual disability and mild COPD and 

other chronic respiratory problem
(combined DW) --

Disfigurement and mild chronic respiratory problems due to congenital 

diaphragmatic hernia

Level 1 disfigurement with itch/pain and mild 

COPD and other chronic respiratory problems
(combined DW) --

Chronic abdominal pain and developmental delay due to congenital 

diaphragmatic hernia

Mild abdominopelvic problem and mild 

intellectual disability
(combined DW) --

Other congenital birth defects
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Profound hearing loss with ringing due to other congenital anomalies Hearing loss, profound, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, has great difficulty hearing 

anything in any other situation, and has 

annoying ringing in the ears for more than 

5 minutes at a time, several times a day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression, or loneliness.

0.277

(0.182-0.387)

Profound hearing loss due to other congenital anomalies Hearing loss, profound

is unable to hear and understand another 

person talking, even in a quiet place, is 

unable to take part in a phone 

conversation, and has great difficulty 

hearing anything in any other situation. 

Difficulties with communicating and 

relating to othersoften cause worry, 

depression, and loneliness.

0.204

(0.134-0.288)
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Moderately severe hearing loss with ringing due to other congenital 

anomalies
Hearing loss, moderately severe, with ringing

(custom DW from hearing loss impairment 

envelope)
--

Moderately severe hearing loss due to other congenital anomalies Hearing loss, moderately severe
(custom DW from hearing loss impairment 

envelope)
--

Complete hearing loss due to other congenital anomalies Hearing loss, complete

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone. Difficulties with communicating 

and relating to others often cause worry, 

depression or loneliness.

0.215

(0.144-0.307)

Severe hearing loss due to other congenital anomalies Hearing loss, severe

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.158

(0.105-0.227)

Severe hearing loss with ringing due to other congenital anomalies Hearing loss, severe, with ringing

is unable to hear and understand another 

person talking, even in a quiet place, and 

unable to take part in a phone 

conversation, and has annoying ringing in 

the ears for more than 5 minutes at a 

time, almost everyday. Difficulties with 

communicating and relating to others 

cause emotional impact at times (for 

example worry or depression).

0.261

(0.175-0.360)

Moderate hearing loss with ringing due to other congenital anomalies Hearing loss, moderate, with ringing

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone, and 

has annoying ringing in the ears for more 

than 5 minutes at a time, almost 

everyday.

0.074

(0.049-0.107)

Moderate hearing loss due to other congenital anomalies Hearing loss, moderate

is unable to hear and understand another 

person talking in a noisy place (for 

example, on an urban street),  and has 

difficulty hearing another person talking 

even in a quiet place or on the phone.

0.027

(0.015-0.042)

Mild hearing loss with ringing due to other congenital anomalies Hearing loss, mild, with ringing

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street),  and sometimes has annoying 

ringing in the ears.

0.021

(0.012-0.036)

Mild hearing loss due to other congenital anomalies Hearing loss, mild

has great difficulty hearing and 

understanding another person talking in a 

noisy place (for example, on an urban 

street).

0.010

(0.004-0.019)

Complete hearing loss with ringing due to other congenital anomalies Hearing loss, complete, with ringing

cannot hear at all in any situation, 

including even the loudest sounds, and 

cannot communicate verbally or use a 

phone, and has very annoying ringing in 

the ears for more than half of the day. 

Difficulties with communicating and 

relating to others often cause worry, 

depression or loneliness.

0.316

(0.212-0.435)

Mild urinary tract infections Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)

Moderate urinary tract infections Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Mild urolithiasis episodes Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Severe urolithiasis episodes Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Moderate urolithiasis episodes Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)
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Symptomatic benign prostatic hyperplasia Benign prostatic hypertrophy, symptomatic cases

feels the urge to urinate frequently, but 

when passing urine it comes out slowly and 

sometimes is painful.

0.067

(0.043-0.097)

Asymptomatic benign prostatic hyperplasia -- -- --

Other urinary diseases
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Mild abdominal pain due to uterine fibroids, without anemia Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Asymptomatic uterine fibroids -- -- --

Mild abdominal pain due to uterine fibroids, with mild anemia Mild abdominal pain with mild anemia (combined DW) --

Mild abdominal pain due to uterine fibroids, with moderate anemia Mild abdominal pain with moderate anemia (combined DW) --

Mild abdominal pain due to uterine fibroids, with severe anemia Mild abdominal pain with severe anemia (combined DW) --

Hirsutism and secondary infertility due to polycystic ovarian syndrome Infertility, secondary

has at least one child, and wants to have 

more children. The person has a fertile 

partner, but the couple cannot conceive. 

0.005

(0.002-0.011)

Secondary infertility due to polycystic ovarian syndrome Disfigurement level 1 and secondary infertility (combined DW) --

Hirsutism and primary infertility due to polycystic ovarian syndrome Disfigurement level 1 and primary infertility (combined DW) --

Hirsutism due to polycystic ovarian syndrome Disfigurement, level 1

has a slight, visible physical deformity 

that others notice, which causes some 

worry and discomfort.

0.011

(0.005-0.021)

Asymptomatic polycystic ovarian syndrome -- -- --

Primary infertility due to polycystic ovarian syndrome Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)

Moderate abdominal pain and primary infertility due to endometriosis Moderate abdominal pain and primary infertility (combined DW) --

Mild abdominal pain and primary infertility due to endometriosis Mild abdominal pain and primary infertility (combined DW) --

Severe abdominal pain and primary infertility due to endometriosis Severe abdominal pain and primary infertility (combined DW) --

Secondary infertility due to endometriosis Infertility, secondary

has at least one child, and wants to have 

more children. The person has a fertile 

partner, but the couple cannot conceive. 

0.005

(0.002-0.011)

Primary infertility due to endometriosis Infertility, primary
wants to have a child and has a fertile 

partner, but the couple cannot conceive.

0.008

(0.003-0.015)

Moderate abdominal pain due to endometriosis Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Mild abdominal pain due to endometriosis Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Mild abdominal pain and secondary infertility due to endometriosis Mild abdominal pain and secondary infertility (combined DW) --

Moderate abdominal pain and secondary infertility due to endometriosis Moderate abdominal pain and secondary infertility (combined DW) --

Severe abdominal pain and secondary infertility due to endometriosis Severe abdominal pain and secondary infertility (combined DW) --

Asymptomatic endometriosis -- -- --

Severe endometriosis Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Abdominal pain and stress incontinence due to genital prolapse Mild abdominal pain and stress incontinence (combined DW) --

Stress incontinence due to genital prolapse Stress incontinence

loses small amounts of urine without 

meaning to when coughing, sneezing, 

laughing or during physical exercise.

0.020

(0.011-0.035)

Abdominal pain due to genital prolapse Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Asymptomatic genital prolapse -- -- --

Asymptomatic premenstrual syndrome -- -- --

Depression due to premenstrual syndrome Major depressive disorder, mild episode

feels persistent sadness and has lost interest 

in usual activities. The person sometimes 

sleeps badly, feels tired, or has trouble 

concentrating but still manages to function 

in daily life with extra effort.

0.145

(0.099-0.209)

Abdominal pain due to premenstrual syndrome Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Abdominal pain and depression due to premenstrual syndrome Mild abdominal pain and mild depression (combined DW) --

Mild anemia due to menstrual disorders Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)
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Moderate anemia due to menstrual disorders Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Severe anemia due to menstrual disorders Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Asymptomatic other gynecological disorders -- -- --

Mild other gynecological disorders Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Severe other gynecological disorders Abdominopelvic problem, severe

has severe pain in the belly and feels 

nauseous. The person is anxious and unable 

to carry out daily activities.

0.324

(0.220-0.442)

Menstrual disorders without anemia Abdominopelvic problem, mild

has some pain in the belly that causes 

nausea but does not interfere with daily 

activities.

0.011

(0.005-0.021)

Moderate other gynecological disorders Abdominopelvic problem, moderate

has pain in the belly and feels nauseous. 

The person has difficulties with daily 

activities. 

0.114

(0.078-0.159)

Hemoglobin H disease, with severe anemia 
Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

Mild heart failure due to thalassemias Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Hemoglobin H disease, with mild anemia 
Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Treated heart failure due to thalassemias
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Hemoglobin E/Beta-thalassemia, without anemia
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Hemoglobin H disease, with moderate anemia 
Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Beta-thalassemia major, without anemia
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Hemoglobin H disease, without anemia
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Hemoglobin E/beta-thalassemia, with moderate anemia 
Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Hemoglobin E/beta-thalassemia, with mild anemia 
Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Hemoglobin E/beta-thalassemia, severe infection with severe anemia 
Infectious disease, acute episode, severe; Generic 

uncomplicated disease anxiety; Anemia, severe
-- --

Beta-thalassemia major, with severe anemia 
Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

Beta-thalassemia major, with moderate anemia 
Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Beta-thalassemia major, with mild anemia 
Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Beta-thalassemia major, severe infection with severe anemia 
Infectious disease, acute episode, severe; Generic 

uncomplicated disease anxiety; Anemia, severe
-- --

Severe heart failure due to thalassemias Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Moderate heart failure due to thalassemias Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Hemoglobin E/beta-thalassemia, with severe anemia 
Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

Hemoglobin H disease, severe infection with severe anemia 
Infectious disease, acute episode, severe; Generic 

uncomplicated disease anxiety; Anemia, severe
-- --
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Severe anemia due to hemoglobin E trait Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Severe anemia due to B-thalassemia trait Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Mild anemia due to hemoglobin E trait Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Moderate anemia due to hemoglobin E trait Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Asymptomatic B-thalassemia trait -- -- --

Asymptomatic hemoglobin E trait -- -- --

Moderate anemia due to B-thalassemia trait Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild anemia due to B-thalassemia trait Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Homozygous sickle cell and severe sickle cell/beta-thalassemia, 

without anemia

Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis and severe 

anemia

Moderate abdominal pain; Anemia, severe; 

Generic uncomplicated disease anxiety
-- --

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis,  without 

anemia

Generic uncomplicated disease anxiety and severe 

abdominopelvic problem
-- --

Mild sickle cell/beta-thalassemia, with severe anemia 
Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

Mild sickle cell/beta-thalassemia, without anemia
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Hemoglobin SC disease, with severe anemia 
Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis,  stroke, 

and severe anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke; severe abdominopelvic 

problem; Anemia, severe

-- --

Hemoglobin SC disease, with moderate anemia 
Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Hemoglobin SC disease, with mild anemia 
Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Hemoglobin SC disease, with vaso-occlusive crisis and stroke, without 

anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke; severe abdominopelvic 

problem

-- --

Hemoglobin SC disease, with vaso-occlusive crisis,  stroke, and severe 

anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke; severe abdominopelvic 

problem; Anemia, severe

-- --

Hemoglobin SC disease, with stroke, without anemia
Generic uncomplicated disease anxiety; long-term 

consequences due to stroke
-- --

Hemoglobin SC disease, with stroke and severe anemia
Generic uncomplicated disease anxiety; Long-term 

consequences due to stroke; Anemia, severe
-- --

Hemoglobin SC disease, with vaso-occlusive crisis,  without anemia
Generic uncomplicated disease anxiety and severe 

abdominopelvic problem
-- --

Mild sickle cell/beta-thalassemia, with stroke, without anemia
Generic uncomplicated disease anxiety; long-term 

consequences due to stroke
-- --

Hemoglobin SC disease, with vaso-occlusive crisis and severe anemia
Moderate abdominal pain; Anemia, severe; 

Generic uncomplicated disease anxiety
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

severe anemia 

Anemia, severe; Generic uncomplicated disease 

anxiety
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

moderate anemia 

Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

mild anemia 

Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

vaso-occlusive crisis and stroke, without anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke; severe abdominopelvic 

problem

-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

vaso-occlusive crisis,  stroke, and severe anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke; severe abdominopelvic 

problem; Anemia, severe

-- --
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Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

stroke, without anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

stroke and severe anemia

Generic uncomplicated disease anxiety; Long-term 

consequences due to stroke; Anemia, severe
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

vaso-occlusive crisis and severe anemia

Moderate abdominal pain; Anemia, severe; 

Generic uncomplicated disease anxiety
-- --

Homozygous sickle cell and severe sickle cell/beta-thalassemia, with 

vaso-occlusive crisis,  without anemia

Generic uncomplicated disease anxiety and severe 

abdominopelvic problem
-- --

Mild sickle cell/beta-thalassemia, with vaso-occlusive crisis and stroke, 

without anemia

Generic uncomplicated disease anxiety; long-term 

consequences due to stroke; severe abdominopelvic 

problem

-- --

Mild sickle cell/beta-thalassemia, with mild anemia 
Anemia, mild; Generic uncomplicated disease 

anxiety
-- --

Mild sickle cell/beta-thalassemia, with moderate anemia 
Anemia, moderate; Generic uncomplicated disease 

anxiety
-- --

Hemoglobin SC disease, without anemia
Generic uncomplicated disease: anxiety about 

diagnosis

has a disease diagnosis that causes some 

worry but minimal interference with daily 

activities.

0.012

(0.006-0.023)

Mild sickle cell/beta-thalassemia, with stroke and severe anemia
Generic uncomplicated disease anxiety; Long-term 

consequences due to stroke; Anemia, severe
-- --

Asymptomatic sickle cell trait -- -- --

Mild anemia due to sickle cell trait Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Severe anemia due to sickle cell trait Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to sickle cell trait Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Severe heart failure due to G6PD deficiency Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Treated heart failure due to G6PD deficiency
Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Moderate heart failure due to G6PD deficiency Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild heart failure due to G6PD deficiency Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Severe anemia due to G6PD deficiency Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to G6PD deficiency Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild anemia due to G6PD deficiency Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Asymptomatic G6PD deficiency -- -- --

Moderate anemia due to hemizygous G6PD deficiency Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Asymptomatic hemizygous G6PD deficiency -- -- --

Severe anemia due to hemizygous G6PD deficiency Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Mild anemia due to hemizygous G6PD deficiency Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)
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Treated heart failure due to other hemoglobinopathies and hemolytic 

anemias

Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Severe heart failure due to other hemoglobinopathies and hemolytic 

anemias
Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Moderate heart failure due to other hemoglobinopathies and hemolytic 

anemias
Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild heart failure due to other hemoglobinopathies and hemolytic 

anemias
Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Severe anemia due to other hemoglobinopathies and hemolytic anemias Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Moderate anemia due to other hemoglobinopathies and hemolytic 

anemias
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Mild anemia due to other hemoglobinopathies and hemolytic anemias Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Other hemoglobinopathies and hemolytic anemias residual
Post-COMO calculation for residuals (YLL/YLD 

ratio, other methods)
-- --

Moderate heart failure due to endocrine, metabolic, blood, and 

immune disorders
Heart failure, moderate

is short of breath and easily tires with 

minimal physical activity, such as walking 

only a short distance. The person feels 

comfortable at rest but avoids moderate 

activity.

0.072

(0.047-0.103)

Mild anemia due to endocrine, metabolic, blood, and immune disorders Anemia, mild

feels slightly tired and weak at times, but 

this does not interfere with normal daily 

activities.

0.004

(0.001-0.008)

Severe anemia due to endocrine, metabolic, blood, and immune 

disorders
Anemia, severe

feels very weak, tired and short of breath, 

and has problems with activities that 

require physical effort or deep 

concentration.

0.149

(0.101-0.209)

Mild heart failure due to endocrine, metabolic, blood, and immune 

disorders
Heart failure, mild

is short of breath and easily tires with 

moderate physical activity, such as 

walking uphill or more than a quarter-mile 

on level ground. The person feels 

comfortable at rest or during activities 

requiring less effort.

0.041

(0.026-0.062)

Severe heart failure due to endocrine, metabolic, blood, and immune 

disorders
Heart failure, severe

is short of breath and feels tired when at 

rest.  The person avoids any physical 

activity, for fear of worsening the 

breathing problems. 

0.179

(0.122-0.251)

Asymptomatic endocrine, metabolic, blood, and immune disorders -- -- --

Mild endocrine, metabolic, blood, and immune disorders Hypothyroidism has low energy and feels cold.
0.019

(0.010-0.032)

Moderate endocrine, metabolic, blood, and immune disorders Hyperthyroidism
feels nervous, has palpitations, sweats a lot 

and has difficulty sleeping.

0.145

(0.096-0.202)

Moderate anemia due to endocrine, metabolic, blood, and immune 

disorders
Anemia, moderate

feels moderate fatigue, weakness, and 

shortness of breath after exercise, making 

daily activities more difficult.

0.052

(0.034-0.076)

Severe endocrine, metabolic, blood, and immune disorders Thrombocytopenic purpura

easily bruises and sometimes bleeds from 

the gums and nose; feels weak and has 

some difficulty with daily activities.

0.159

(0.106-0.226)

Treated heart failure due to endocrine, metabolic, blood, and immune 

disorders

Generic uncomplicated disease: worry and daily 

medication

has a chronic disease that requires 

medication every day and causes some 

worry but minimal interference with daily 

activities.

0.049

(0.031-0.072)

Asymptomatic caries of deciduous teeth -- -- --

Pain due to caries of deciduous teeth Dental caries, symptomatic
has a toothache, which causes some 

difficulty in eating. 

0.010

(0.005-0.019)
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Pain due to caries of permanent teeth Dental caries, symptomatic
has a toothache, which causes some 

difficulty in eating. 

0.010

(0.005-0.019)

Asymptomatic caries of permanent teeth -- -- --

Chronic periodontal diseases Periodontitis
has minor bleeding of the gums from time 

to time, with mild discomfort.

0.007

(0.003-0.014)

Asymptomatic edentulism and severe tooth loss -- -- --

Difficulty eating due to edentulism and severe tooth loss Severe tooth loss

has lost more than 20 teeth including front 

and back, and has great difficulty in 

eating meat, fruits,  and vegetables.

0.067

(0.045-0.095)

Severe other oral disorders Infectious disease, acute episode, moderate 

has a fever and aches, and feels weak, 

which causes some difficulty with daily 

activities. 

0.051

(0.032-0.074)

Mild other oral disorders Infectious disease, acute episode, mild
has a low fever and mild discomfort ,  but 

no difficulty with daily activities.

0.006

(0.002-0.012)
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Appendix Table 6: GBD 2016 methods of estimating years lived with disability (YLDs) for 35 

residual categories 

Residual Method 

Estimation: YLD to YLL ratio method 

Other intestinal infectious 

diseases 

YLD to YLL ratio of explicitly estimated intestinal infectious diseases by geography, country, sex applied to 

YLL from other intestinal infectious diseases by geography, country, sex, and age. Causes used for estimation 

include: Typhoid fever, Paratyphoid fever. 

Other neglected tropical 

diseases 

YLD to YLL ratio of explicitly estimated neglected tropical disease causes by geography, country, sex applied 

to YLL from other neglected tropical diseases by geography, country, sex, and age. Causes used for estimation 

include: Chagas disease, Visceral leishmaniasis, Dengue, Yellow fever, Rabies. 

Other maternal disorders 

YLD to YLL ratio of explicitly estimated maternal disorder causes by geography, country, sex applied to YLL 

from other maternal disorders by geography, country, sex, and age. Causes used for estimation include: 

Maternal haemorrhage, Maternal sepsis and other maternal infections, Maternal hypertensive disorders, 

Maternal obstructed labor and uterine rupture, Maternal abortion, miscarriage, and ectopic pregnancy, Indirect 

maternal deaths, Late maternal deaths, Maternal deaths aggravated by HIV/AIDS. 

Other neonatal disorders 

YLD to YLL ratio of explicitly estimated neonatal disorders by geography, country, sex applied to YLL from 

other neonatal disorders by geography, country, sex, and age. Causes used for estimation include: Neonatal 

preterm birth complications, Neonatal encephalopathy due to birth asphyxia and trauma, Neonatal sepsis and 

other neonatal infections, Haemolytic disease and other neonatal jaundice. 

Other nutritional 

deficiencies 

YLD to YLL ratio of explicitly estimated nutritional deficiencies by geography, country, sex applied to YLL 

from other nutritional deficiencies by geography, country, sex, and age. Causes used for estimation include 

Protein-energy malnutrition.  

Other sexually transmitted 

infections 

YLD to YLL ratio of gonococcal and chlamydial infection by geography, country, sex applied to YLL from 

other sexually transmitted diseases by geography, country, sex, and age. Causes used for estimation include: 

Chlamydial infection, Gonococcal infection. 

Other unspecified 

infectious diseases 

YLD to YLL ratio of HIV/AIDS and tuberculosis, diarrhea, lower respiratory and other common infectious 

diseases, neglected tropical diseases and malaria, sexually transmitted diseases and hepatitis by geography, 

country, sex applied to YLL from other infectious diseases by geography, country, sex, and age. Causes used 

for estimation include: Typhoid fever, Paratyphoid fever, Lower respiratory infections, Upper respiratory 

infections, Varicella and herpes zoster, Malaria, Acute hepatitis A, Hepatitis B, Hepatitis C, Acute hepatitis E, 

Chlamydial infection, Gonococcal infection, Diphtheria, Whooping cough, Measles, Chagas disease, Visceral 

leishmaniasis, Dengue, Yellow fever, Maternal sepsis and other maternal infections, Pneumococcal meningitis, 

H influenzae type B meningitis, Meningococcal meningitis, Other meningitis, Encephalitis, Tetanus, Ascariasis, 

Neonatal sepsis and other neonatal infections. 

Other chronic respiratory 

diseases 

YLD to YLL ratio of COPD, pneumoconiosis and interstitial lung disease and pulmonary sarcoidosis by 

geography, country, sex applied to YLL from other chronic respiratory diseases by geography, country, sex, and 

age. Causes used for estimation include: Chronic obstructive pulmonary disease, Silicosis, Asbestosis, Coal 

workers pneumoconiosis, Other pneumoconiosis, Interstitial lung disease and pulmonary sarcoidosis. 

Other digestive disorders 

YLD to YLL ratio of explicitly estimated digestive disorders by geography, country, sex applied to YLL from 

other digestive disorders by geography, country, sex, and age. Causes used for estimation include: Gastritis and 

duodenitis, Appendicitis, Paralytic ileus and intestinal obstruction, Inguinal, femoral, and abdominal hernia, 

Inflammatory bowel disease, Vascular intestinal disorders, Gallbladder and biliary diseases, Pancreatitis. 

Other neurological 

disorders 

YLD to YLL ratio of Alzheimer and other dementias, Parkinson disease, multiple sclerosis and motor-neuron 

disease by geography, country, sex applied to YLL from other neurological disorders by geography, country, 

sex, and age. Causes used for estimation include: Alzheimer disease and other dementias, Parkinson disease, 

Epilepsy, Multiple sclerosis. 

Other urinary diseases 

YLD to YLL ratio of explicitly estimated urinary diseases by geography, country, sex applied to YLL from 

other urinary diseases by geography, country, sex, and age. Causes used for estimation include: Interstitial 

nephritis and urinary tract infections, Urolithiasis. 

Other 

haemoglobinopathies and 

haemolytic anaemias 

YLD to YLL ratio of explicitly estimated haemoglobinopathies and haemolytic anaemias by geography, 

country, sex applied to YLL from other haemoglobinopathies and haemolytic anaemias by geography, country, 

sex and age. Causes used for estimation include: Thalassemias, Sickle cell disorders, G6PD deficiency. 

Other congenital 

anomalies 

YLD to YLL ratio of explicitly estimated congenital anomalies by geography, country, sex applied to YLL 

from other congenital anomalies by geography, country, sex, and age. Causes used for estimation include: 

Neural tube defects, Congenital heart anomalies. 

Estimation: based on epidemiological data 
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Appendix Table 5: GBD 2016 methods of estimating years lived with disability (YLDs) for 35 residual 

categories 

Residual Method 

Meningitis due to other 

causes 

Data on proportion of meningitis due to other causes modelled in DisMod-MR 2.1, forced to sum to 100% at 

1,000 draw level for each geography-year-age-sex with the proportions for pneumococcal, H influenza B and 

meningococcal meningitis, and applied to DisMod-MR 2.1 model of all meningitis. 

Pelvic inflammatory 

disease due to other causes 

DisMod-MR 2.1 model of the proportion of pelvic inflammatory disease due to other causes, constrained to 

100% with proportions of pelvic inflammatory disease due to gonococcal and chlamydial infection and applied 

to the DisMod-MR 2.1 model for all pelvic inflammatory disease. 

Other malignant 

neoplasms 

Similar to all other cancers: mortality to incidence ratio method applied to cancer registry data for other 

neoplasms. 

Liver cancer due to other 

causes 

Data on proportion of liver cancer due to other causes modelled in DisMod-MR 2.1, forced to sum to 100% at 

1,000 draw level for each geography, year, age, and sex with the proportions for liver cancer due to hepatitis B, 

hepatitis C and alcohol, and applied to total liver cancer estimates from cancer analyses using mortality to 

incidence ratios. 

Other cardiovascular 

diseases 

Ratio of prevalence of ICD-9 coded other cardiovascular diseases in MEPS and 2005 USA outpatient data to 

prevalence of heart failure due to other cardiovascular diseases (estimated as part of the heart failure envelope), 

and applied to prevalence of heart failure due to other CVD estimates for all other locations and years. 

Cirrhosis and other 

chronic liver diseases due 

to other causes 

Data on proportion of cirrhosis and other chronic liver diseases due to other causes modelled in DisMod-MR 

2.1, forced to sum to 100% at 1,000 draw level for each geography-year-age-sex with the proportions for 

cirrhosis and other chronic liver diseases due to hepatitis B, hepatitis C and alcohol, and applied to total 

cirrhosis and other chronic liver diseases estimates from DisMod-MR 2.1 analysis. 

Other pneumoconiosis DisMod-MR 2.1 model based on hospital admission and claims data. 

Other drug use disorders 

NESARC prevalence of drug dependence other than cannabis, opioids, amphetamines and cocaine multiplied 

by ratio of YLD to prevalence for cocaine and amphetamine by geography, year, age, and sex. 

Other mental disorders 

Other mental disorders: Prevalence of personality disorders not comorbid with GBD mental disorder categories 

and severity distribution from NESARC and the Australian National Survey of Mental Health and Wellbeing 

1997. 

Other drug use disorders 

Other drug use disorders: Prevalence of drug use disorders not comorbid with GBD drug use disorder categories 

from NESARC and the Australian National Survey of Mental Health and Wellbeing 1997. 

Chronic kidney disease 

due to other causes  

Data on proportion of chronic kidney disease due to other causes from renal registries modelled in DisMod-MR 

2.1, forced to sum to 100% at 1,000 draw level for each geography-year-age-sex with the proportions of chronic 

kidney disease due to diabetes, hypertension and glomerulonephritis, and applied to total chronic kidney disease 

estimates from DisMod-MR 2.1 analyses. 

Other gynaecological 

disorders Dismod MR 2.1 using US claims data. 

Other musculoskeletal 

disorders 

DisMod-MR 2.1 model of survey and US claims data on prevalence of all musculoskeletal symptoms and 

diseases minus rheumatoid arthritis, osteoarthritis, gout, low back pain, and neck pain. Long-term sequelae of 

fractures, dislocations and contusions due to injuries are subtracted out of other musculoskeletal disorders to 

avoid double counting. 

Other skin Dismod-MR 2.1 model using outpatient and US claims data. 

Age-related and other 

hearing loss 

Survey data on the proportion of hearing loss due to age-related and other hearing loss modelled in dismod MR 

2.1 and forced to sum to total hearing loss by geography, year, age, and sex. 

Other vision loss 

Survey data on vision loss due to other causes modelled in DisMod-MR 2.1 and forced to sum to total vision 

loss by geography, year, age, and sex. 
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Appendix Table 5: GBD 2016 methods of estimating years lived with disability (YLDs) for 35 residual 

categories 

Residual Method 

Other sense organ 

disorders DisMod-MR 2.1 model using outpatient and US claims data. 

Other oral disorders DisMod-MR 2.1 model using US Medical Expenditure Panel Surveys (MEPS) data. 

Other road injuries DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Other transport injuries 

DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Poisoning by other means DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Other exposure to 

mechanical forces 

DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Foreign body in other part 

DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Other unintentional 

injuries 

DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Self-harm by other 

specified means DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 

Assault by other means 

DisMod-MR 2.1 model using data from surveys, hospital admission and outpatient/emergency department 

visits. 
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Appendix Table 7: List of GBD 2017 non-fatal causes with prevalence at birth

Causes

HIV/AIDS resulting in other diseases

Chagas disease

Zika virus disease

Brain and nervous system cancer

Acute myeloid leukaemia

Other malignant cancers

Alcohol use disorders

Autism spectrum disorders

Acute Hepatitis B

Acute Hepatitis E

Neonatal preterm birth complications

Neonatal encephalopathy due to birth asphyxia and trauma

Neonatal sepsis and other neonatal infections

Haemolytic disease and other neonatal jaundice

Iodine deficiency

Neural tube defects

Congenital heart anomalies

Orofacial clefts

Down's syndrome

Turner syndrome

Klinefelter syndrome

Other chromosomal abnormalities

Congenital musculoskeletal and limb anomalies

Urogenital congenital anomalies

Digestive congenital anomalies

Thalassaemias

Thalassaemias trait

Sickle cell disorders

Sickle cell trait

G6PD deficiency

G6PD trait

Protein-energy malnutrition
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Global 0.523 0.529 0.534 0.539 0.543 0.548 0.553 0.557 0.561 0.566 0.571 0.576 0.581 0.585 0.59 0.595 0.601 0.606 0.611 0.616 0.62 0.624 0.628 0.633 0.639 0.644 0.647 0.652

Central Europe, Eastern Europe, and Central 

Asia
0.656 0.662 0.67 0.674 0.677 0.682 0.686 0.689 0.691 0.694 0.698 0.701 0.705 0.709 0.715 0.72 0.725 0.73 0.735 0.739 0.743 0.747 0.75 0.753 0.757 0.76 0.763 0.766

Central Asia 0.563 0.567 0.57 0.573 0.575 0.577 0.578 0.579 0.58 0.582 0.585 0.588 0.593 0.598 0.603 0.609 0.615 0.621 0.627 0.633 0.639 0.644 0.649 0.654 0.659 0.664 0.669 0.673

Armenia 0.555 0.559 0.56 0.562 0.565 0.567 0.57 0.573 0.577 0.581 0.586 0.592 0.6 0.61 0.619 0.629 0.639 0.65 0.66 0.667 0.673 0.678 0.683 0.687 0.691 0.695 0.699 0.702

Azerbaijan 0.611 0.614 0.616 0.617 0.616 0.613 0.61 0.607 0.604 0.601 0.6 0.6 0.602 0.605 0.608 0.615 0.625 0.635 0.645 0.654 0.664 0.672 0.678 0.684 0.689 0.694 0.698 0.701

Georgia 0.654 0.66 0.661 0.658 0.653 0.645 0.639 0.634 0.63 0.625 0.621 0.62 0.622 0.624 0.628 0.633 0.638 0.644 0.649 0.654 0.659 0.665 0.671 0.676 0.682 0.688 0.695 0.7

Kazakhstan 0.613 0.615 0.619 0.625 0.632 0.638 0.643 0.645 0.646 0.647 0.651 0.656 0.661 0.666 0.671 0.677 0.683 0.689 0.696 0.702 0.705 0.707 0.708 0.711 0.716 0.723 0.73 0.735

Kyrgyzstan 0.565 0.571 0.576 0.578 0.577 0.572 0.569 0.567 0.564 0.562 0.56 0.559 0.56 0.562 0.565 0.566 0.567 0.569 0.572 0.575 0.576 0.581 0.584 0.589 0.594 0.598 0.603 0.607

Mongolia 0.537 0.545 0.55 0.555 0.559 0.564 0.569 0.573 0.577 0.581 0.585 0.589 0.594 0.598 0.603 0.608 0.614 0.619 0.624 0.628 0.632 0.636 0.641 0.646 0.65 0.654 0.658 0.662

Tajikistan 0.474 0.481 0.485 0.487 0.486 0.481 0.474 0.468 0.463 0.459 0.455 0.454 0.456 0.462 0.465 0.466 0.472 0.479 0.483 0.488 0.494 0.501 0.506 0.51 0.514 0.517 0.52 0.523

Turkmenistan 0.588 0.592 0.594 0.599 0.602 0.604 0.606 0.606 0.606 0.607 0.61 0.613 0.617 0.622 0.628 0.635 0.638 0.641 0.644 0.647 0.651 0.657 0.663 0.669 0.678 0.685 0.691 0.696

Uzbekistan 0.481 0.484 0.487 0.493 0.497 0.502 0.508 0.513 0.52 0.526 0.532 0.537 0.543 0.549 0.555 0.56 0.565 0.57 0.575 0.581 0.587 0.592 0.598 0.604 0.611 0.618 0.624 0.63

Central Europe 0.665 0.671 0.677 0.683 0.69 0.698 0.705 0.711 0.717 0.723 0.731 0.738 0.745 0.751 0.757 0.762 0.767 0.772 0.776 0.782 0.788 0.793 0.797 0.802 0.805 0.808 0.811 0.814

Albania 0.548 0.545 0.542 0.541 0.542 0.546 0.552 0.558 0.566 0.577 0.584 0.593 0.602 0.611 0.619 0.627 0.635 0.642 0.648 0.653 0.658 0.661 0.665 0.668 0.672 0.676 0.681 0.685

Bosnia and Herzegovina 0.497 0.499 0.5 0.5 0.501 0.507 0.525 0.549 0.571 0.592 0.607 0.619 0.63 0.639 0.647 0.654 0.66 0.667 0.673 0.679 0.685 0.69 0.694 0.699 0.703 0.706 0.71 0.713

Bulgaria 0.658 0.668 0.676 0.684 0.693 0.699 0.705 0.706 0.704 0.703 0.708 0.715 0.721 0.726 0.731 0.736 0.741 0.746 0.751 0.757 0.765 0.771 0.775 0.778 0.781 0.784 0.788 0.792

Croatia 0.725 0.73 0.732 0.732 0.731 0.731 0.732 0.737 0.743 0.749 0.755 0.762 0.768 0.773 0.778 0.782 0.787 0.792 0.797 0.801 0.805 0.809 0.813 0.816 0.818 0.821 0.823 0.825

Czech Republic 0.711 0.717 0.726 0.74 0.757 0.769 0.777 0.783 0.788 0.794 0.799 0.804 0.809 0.814 0.819 0.823 0.827 0.83 0.833 0.836 0.84 0.843 0.846 0.847 0.848 0.848 0.849 0.851

Hungary 0.678 0.683 0.691 0.699 0.707 0.716 0.724 0.732 0.739 0.745 0.751 0.758 0.764 0.77 0.776 0.781 0.786 0.791 0.795 0.799 0.803 0.806 0.807 0.808 0.809 0.811 0.814 0.817

Macedonia 0.626 0.629 0.63 0.631 0.632 0.635 0.64 0.647 0.654 0.661 0.665 0.67 0.677 0.685 0.693 0.699 0.704 0.709 0.715 0.719 0.724 0.729 0.734 0.739 0.744 0.748 0.751 0.754

Montenegro 0.705 0.706 0.705 0.701 0.698 0.696 0.696 0.698 0.7 0.703 0.706 0.711 0.716 0.721 0.726 0.731 0.737 0.743 0.75 0.756 0.761 0.767 0.771 0.775 0.779 0.782 0.785 0.788

Poland 0.662 0.668 0.678 0.686 0.697 0.707 0.714 0.724 0.733 0.741 0.75 0.759 0.767 0.773 0.779 0.784 0.789 0.792 0.797 0.804 0.811 0.818 0.823 0.829 0.833 0.837 0.841 0.844

Romania 0.652 0.66 0.663 0.666 0.671 0.678 0.682 0.685 0.689 0.694 0.7 0.707 0.713 0.718 0.724 0.73 0.734 0.739 0.745 0.751 0.758 0.763 0.768 0.772 0.774 0.777 0.78 0.784

Serbia 0.632 0.638 0.643 0.642 0.641 0.641 0.643 0.648 0.653 0.655 0.661 0.665 0.669 0.675 0.684 0.692 0.699 0.705 0.709 0.713 0.718 0.723 0.729 0.736 0.742 0.747 0.75 0.752

Slovakia 0.684 0.69 0.699 0.71 0.722 0.732 0.74 0.748 0.756 0.764 0.772 0.779 0.784 0.788 0.793 0.798 0.804 0.809 0.814 0.818 0.823 0.828 0.832 0.834 0.836 0.838 0.839 0.842

Slovenia 0.741 0.747 0.753 0.759 0.764 0.769 0.775 0.781 0.788 0.794 0.801 0.808 0.814 0.819 0.824 0.828 0.833 0.837 0.841 0.843 0.846 0.848 0.85 0.852 0.854 0.856 0.858 0.86

Eastern Europe 0.678 0.685 0.694 0.698 0.7 0.704 0.708 0.708 0.71 0.711 0.712 0.713 0.715 0.72 0.727 0.734 0.739 0.745 0.751 0.756 0.761 0.764 0.767 0.772 0.776 0.779 0.783 0.785

Belarus 0.625 0.631 0.636 0.641 0.645 0.647 0.65 0.654 0.657 0.661 0.665 0.67 0.676 0.682 0.689 0.696 0.704 0.712 0.72 0.727 0.733 0.74 0.747 0.753 0.759 0.764 0.769 0.773

Estonia 0.711 0.719 0.728 0.736 0.742 0.746 0.75 0.755 0.761 0.766 0.772 0.778 0.783 0.788 0.794 0.799 0.806 0.813 0.82 0.826 0.832 0.838 0.843 0.847 0.851 0.854 0.856 0.858

Latvia 0.696 0.703 0.712 0.721 0.727 0.731 0.733 0.734 0.735 0.738 0.741 0.745 0.75 0.757 0.763 0.769 0.776 0.783 0.792 0.8 0.806 0.81 0.814 0.816 0.817 0.819 0.822 0.825

Lithuania 0.707 0.71 0.717 0.725 0.728 0.731 0.733 0.736 0.74 0.746 0.753 0.76 0.765 0.772 0.779 0.785 0.79 0.796 0.802 0.808 0.815 0.822 0.828 0.833 0.836 0.838 0.839 0.841

Moldova 0.575 0.578 0.58 0.582 0.583 0.584 0.584 0.582 0.58 0.577 0.574 0.574 0.577 0.582 0.588 0.595 0.602 0.61 0.618 0.624 0.632 0.64 0.647 0.654 0.66 0.666 0.671 0.676

Russian Federation 0.683 0.692 0.704 0.708 0.708 0.714 0.718 0.719 0.72 0.722 0.722 0.722 0.724 0.728 0.734 0.742 0.747 0.752 0.757 0.763 0.768 0.77 0.772 0.777 0.781 0.785 0.789 0.792

Ukraine 0.664 0.667 0.67 0.673 0.675 0.676 0.676 0.675 0.673 0.672 0.672 0.673 0.675 0.68 0.687 0.694 0.7 0.707 0.714 0.717 0.721 0.725 0.729 0.732 0.735 0.736 0.738 0.74

High-income 0.769 0.774 0.779 0.783 0.787 0.792 0.796 0.798 0.801 0.804 0.807 0.811 0.814 0.817 0.82 0.822 0.823 0.826 0.829 0.832 0.836 0.839 0.842 0.845 0.848 0.851 0.853 0.854

Australasia 0.783 0.786 0.79 0.794 0.797 0.801 0.805 0.809 0.813 0.817 0.821 0.825 0.828 0.832 0.835 0.837 0.838 0.84 0.842 0.845 0.848 0.851 0.855 0.859 0.862 0.864 0.867 0.869

Australia 0.786 0.79 0.793 0.797 0.801 0.805 0.81 0.814 0.818 0.822 0.825 0.829 0.833 0.837 0.84 0.843 0.844 0.845 0.848 0.851 0.854 0.856 0.86 0.864 0.867 0.869 0.871 0.873

New Zealand 0.765 0.768 0.771 0.774 0.777 0.78 0.783 0.786 0.79 0.794 0.798 0.802 0.805 0.807 0.809 0.811 0.811 0.811 0.813 0.816 0.819 0.823 0.828 0.832 0.835 0.838 0.84 0.842

High-income Asia-Pacific 0.783 0.789 0.794 0.799 0.804 0.809 0.813 0.817 0.82 0.823 0.826 0.83 0.833 0.836 0.839 0.842 0.844 0.846 0.849 0.851 0.853 0.856 0.858 0.861 0.863 0.865 0.867 0.869

Brunei 0.728 0.733 0.739 0.745 0.751 0.757 0.763 0.769 0.774 0.779 0.784 0.789 0.795 0.802 0.808 0.814 0.819 0.824 0.828 0.831 0.835 0.838 0.842 0.845 0.848 0.851 0.854 0.856

Japan 0.803 0.807 0.812 0.816 0.82 0.823 0.826 0.829 0.831 0.833 0.834 0.836 0.838 0.84 0.842 0.844 0.846 0.847 0.849 0.851 0.853 0.855 0.857 0.859 0.861 0.862 0.863 0.865

Aichi 0.812 0.816 0.821 0.825 0.829 0.833 0.836 0.839 0.841 0.843 0.844 0.846 0.847 0.85 0.852 0.854 0.855 0.856 0.858 0.86 0.862 0.864 0.866 0.869 0.871 0.872 0.873 0.875

Akita 0.766 0.77 0.775 0.778 0.781 0.785 0.788 0.791 0.793 0.795 0.796 0.798 0.8 0.802 0.805 0.806 0.808 0.81 0.812 0.814 0.816 0.818 0.821 0.823 0.825 0.826 0.827 0.829

Aomori 0.761 0.765 0.77 0.773 0.777 0.78 0.783 0.786 0.788 0.79 0.791 0.793 0.795 0.798 0.801 0.803 0.805 0.807 0.809 0.81 0.812 0.815 0.817 0.819 0.821 0.822 0.823 0.825

Chiba 0.803 0.807 0.812 0.816 0.82 0.823 0.827 0.829 0.831 0.832 0.833 0.834 0.836 0.837 0.839 0.841 0.842 0.843 0.845 0.846 0.848 0.85 0.852 0.854 0.856 0.857 0.858 0.859

Ehime 0.776 0.78 0.785 0.788 0.792 0.796 0.799 0.802 0.804 0.806 0.808 0.809 0.811 0.814 0.816 0.818 0.819 0.82 0.822 0.824 0.825 0.828 0.83 0.832 0.834 0.835 0.836 0.838

Fukui 0.784 0.789 0.794 0.798 0.802 0.806 0.81 0.813 0.815 0.818 0.819 0.821 0.823 0.826 0.828 0.83 0.832 0.834 0.836 0.837 0.839 0.842 0.844 0.846 0.848 0.849 0.85 0.852

Fukuoka 0.797 0.801 0.806 0.809 0.813 0.816 0.819 0.822 0.824 0.826 0.828 0.83 0.832 0.834 0.836 0.837 0.838 0.839 0.841 0.842 0.843 0.845 0.847 0.849 0.851 0.853 0.854 0.855

Fukushima 0.769 0.773 0.778 0.781 0.784 0.788 0.791 0.793 0.794 0.795 0.797 0.798 0.8 0.803 0.807 0.809 0.811 0.813 0.814 0.816 0.819 0.821 0.823 0.825 0.827 0.828 0.829 0.831

Gifu 0.786 0.79 0.795 0.799 0.803 0.807 0.81 0.813 0.815 0.817 0.818 0.82 0.821 0.824 0.826 0.828 0.829 0.831 0.833 0.835 0.837 0.839 0.841 0.843 0.845 0.846 0.847 0.849

Gunma 0.787 0.791 0.796 0.8 0.803 0.807 0.81 0.813 0.815 0.816 0.818 0.819 0.821 0.824 0.827 0.829 0.831 0.833 0.835 0.837 0.839 0.841 0.843 0.845 0.847 0.848 0.849 0.851

Hiroshima 0.8 0.805 0.809 0.813 0.817 0.821 0.825 0.828 0.83 0.832 0.833 0.835 0.836 0.839 0.841 0.842 0.843 0.844 0.846 0.847 0.849 0.852 0.854 0.856 0.858 0.86 0.861 0.863
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Hokkaid┗ 0.783 0.788 0.792 0.796 0.799 0.803 0.806 0.808 0.809 0.811 0.812 0.813 0.815 0.818 0.82 0.822 0.824 0.825 0.827 0.828 0.83 0.832 0.834 0.836 0.838 0.839 0.84 0.842

Hy┗go 0.798 0.803 0.807 0.811 0.815 0.819 0.822 0.825 0.827 0.829 0.831 0.833 0.835 0.837 0.839 0.841 0.842 0.843 0.845 0.846 0.848 0.85 0.852 0.854 0.856 0.857 0.858 0.86

Ibaraki 0.789 0.793 0.798 0.802 0.805 0.809 0.813 0.815 0.817 0.819 0.82 0.821 0.823 0.826 0.828 0.83 0.831 0.833 0.835 0.837 0.839 0.841 0.843 0.845 0.847 0.848 0.849 0.851

Ishikawa 0.789 0.795 0.8 0.804 0.808 0.812 0.815 0.818 0.82 0.822 0.824 0.826 0.828 0.831 0.833 0.835 0.837 0.839 0.84 0.842 0.844 0.846 0.848 0.85 0.852 0.853 0.854 0.856

Iwate 0.76 0.764 0.768 0.772 0.775 0.779 0.782 0.785 0.787 0.788 0.79 0.791 0.793 0.796 0.799 0.801 0.803 0.806 0.808 0.81 0.812 0.815 0.817 0.819 0.821 0.823 0.823 0.825

Kagawa 0.787 0.792 0.797 0.801 0.804 0.808 0.811 0.814 0.816 0.817 0.819 0.82 0.822 0.825 0.827 0.829 0.831 0.832 0.834 0.835 0.837 0.839 0.842 0.844 0.846 0.847 0.848 0.85

Kagoshima 0.768 0.772 0.777 0.781 0.784 0.788 0.791 0.793 0.795 0.797 0.798 0.799 0.801 0.804 0.806 0.808 0.809 0.81 0.812 0.814 0.816 0.818 0.82 0.823 0.825 0.827 0.828 0.83

Kanagawa 0.818 0.823 0.827 0.831 0.835 0.838 0.842 0.844 0.846 0.848 0.849 0.85 0.852 0.854 0.856 0.857 0.859 0.86 0.862 0.863 0.865 0.866 0.868 0.87 0.871 0.873 0.873 0.875

K┗chi 0.759 0.763 0.767 0.771 0.775 0.779 0.783 0.786 0.788 0.791 0.793 0.795 0.797 0.8 0.803 0.805 0.806 0.808 0.81 0.812 0.813 0.816 0.818 0.82 0.822 0.823 0.824 0.825

Kumamoto 0.77 0.774 0.778 0.782 0.785 0.789 0.792 0.794 0.796 0.798 0.799 0.801 0.803 0.805 0.808 0.81 0.811 0.812 0.814 0.815 0.817 0.82 0.822 0.825 0.827 0.829 0.83 0.832

Ky┗to 0.813 0.817 0.822 0.826 0.83 0.833 0.837 0.839 0.841 0.843 0.845 0.847 0.849 0.851 0.853 0.854 0.856 0.857 0.859 0.86 0.862 0.863 0.865 0.867 0.869 0.87 0.871 0.873

Mie 0.787 0.792 0.797 0.801 0.805 0.81 0.813 0.815 0.818 0.819 0.821 0.823 0.825 0.827 0.83 0.832 0.833 0.835 0.836 0.838 0.84 0.842 0.845 0.847 0.849 0.851 0.852 0.854

Miyagi 0.788 0.793 0.798 0.801 0.805 0.809 0.812 0.814 0.816 0.817 0.818 0.819 0.821 0.824 0.827 0.829 0.831 0.833 0.835 0.836 0.838 0.841 0.843 0.845 0.847 0.848 0.849 0.85

Miyazaki 0.764 0.768 0.772 0.775 0.778 0.781 0.784 0.786 0.788 0.79 0.791 0.793 0.795 0.797 0.8 0.801 0.802 0.804 0.805 0.807 0.809 0.812 0.814 0.816 0.819 0.82 0.821 0.823

Nagano 0.792 0.797 0.801 0.805 0.808 0.811 0.814 0.817 0.818 0.82 0.821 0.823 0.824 0.827 0.829 0.831 0.832 0.834 0.836 0.838 0.839 0.842 0.844 0.845 0.847 0.849 0.849 0.851

Nagasaki 0.766 0.77 0.774 0.777 0.781 0.784 0.787 0.79 0.792 0.794 0.795 0.797 0.799 0.801 0.803 0.805 0.806 0.808 0.809 0.811 0.813 0.815 0.817 0.82 0.822 0.823 0.824 0.826

Nara 0.789 0.794 0.799 0.803 0.807 0.811 0.814 0.817 0.819 0.821 0.822 0.824 0.825 0.827 0.829 0.831 0.832 0.834 0.835 0.836 0.838 0.839 0.841 0.843 0.844 0.845 0.846 0.848

Niigata 0.776 0.78 0.784 0.788 0.792 0.795 0.799 0.801 0.804 0.806 0.808 0.81 0.813 0.815 0.818 0.82 0.822 0.824 0.826 0.828 0.83 0.832 0.835 0.837 0.839 0.84 0.842 0.843

┖ita 0.785 0.789 0.795 0.802 0.808 0.809 0.809 0.81 0.812 0.813 0.815 0.816 0.819 0.821 0.824 0.825 0.827 0.828 0.83 0.831 0.833 0.835 0.838 0.84 0.842 0.843 0.844 0.846

Okayama 0.79 0.794 0.799 0.803 0.807 0.811 0.814 0.817 0.819 0.821 0.823 0.824 0.827 0.829 0.832 0.834 0.836 0.837 0.839 0.841 0.843 0.846 0.848 0.85 0.852 0.853 0.854 0.856

Okinawa 0.753 0.757 0.764 0.772 0.778 0.779 0.777 0.777 0.778 0.78 0.781 0.783 0.786 0.789 0.793 0.795 0.797 0.799 0.8 0.802 0.804 0.807 0.809 0.812 0.814 0.815 0.816 0.818

┖saka 0.815 0.819 0.823 0.827 0.831 0.834 0.837 0.84 0.842 0.844 0.845 0.847 0.849 0.851 0.853 0.854 0.855 0.856 0.858 0.859 0.861 0.863 0.865 0.867 0.868 0.87 0.871 0.872

Saga 0.773 0.777 0.782 0.785 0.788 0.792 0.795 0.797 0.799 0.8 0.801 0.803 0.805 0.808 0.81 0.812 0.814 0.815 0.817 0.819 0.821 0.823 0.825 0.827 0.83 0.831 0.832 0.834

Saitama 0.793 0.798 0.802 0.806 0.81 0.814 0.818 0.82 0.822 0.824 0.825 0.826 0.827 0.829 0.831 0.833 0.835 0.836 0.838 0.839 0.841 0.843 0.845 0.847 0.848 0.849 0.85 0.852

Shiga 0.804 0.809 0.814 0.819 0.823 0.827 0.83 0.833 0.836 0.838 0.84 0.841 0.843 0.846 0.848 0.85 0.852 0.853 0.855 0.857 0.858 0.861 0.863 0.865 0.867 0.868 0.869 0.871

Shimane 0.762 0.766 0.771 0.775 0.779 0.783 0.787 0.79 0.793 0.795 0.797 0.798 0.801 0.803 0.806 0.808 0.81 0.812 0.814 0.816 0.818 0.82 0.823 0.825 0.827 0.828 0.829 0.831

Shizuoka 0.798 0.802 0.807 0.81 0.814 0.818 0.821 0.823 0.825 0.826 0.827 0.828 0.83 0.833 0.835 0.837 0.838 0.84 0.842 0.843 0.846 0.848 0.85 0.853 0.855 0.856 0.857 0.859

Tochigi 0.787 0.792 0.797 0.801 0.805 0.809 0.813 0.815 0.817 0.819 0.82 0.821 0.823 0.826 0.829 0.831 0.832 0.834 0.836 0.838 0.84 0.842 0.845 0.847 0.849 0.85 0.851 0.853

Tokushima 0.776 0.781 0.786 0.79 0.794 0.798 0.802 0.805 0.807 0.809 0.812 0.814 0.816 0.819 0.822 0.824 0.826 0.828 0.83 0.831 0.833 0.835 0.837 0.839 0.841 0.842 0.843 0.845

T┗ky┗ 0.87 0.875 0.879 0.883 0.887 0.892 0.896 0.899 0.901 0.903 0.905 0.906 0.908 0.91 0.911 0.913 0.914 0.915 0.916 0.917 0.918 0.919 0.92 0.921 0.922 0.923 0.923 0.924

Tottori 0.77 0.775 0.78 0.783 0.787 0.791 0.794 0.797 0.799 0.801 0.802 0.804 0.806 0.808 0.811 0.813 0.814 0.816 0.818 0.819 0.821 0.824 0.826 0.828 0.831 0.832 0.833 0.834

Toyama 0.79 0.795 0.8 0.805 0.808 0.812 0.816 0.818 0.821 0.823 0.825 0.827 0.829 0.832 0.835 0.837 0.839 0.841 0.843 0.845 0.847 0.849 0.852 0.854 0.856 0.857 0.858 0.86

Wakayama 0.775 0.78 0.785 0.789 0.792 0.796 0.8 0.802 0.805 0.806 0.808 0.81 0.812 0.815 0.817 0.819 0.821 0.822 0.824 0.825 0.827 0.829 0.831 0.833 0.836 0.837 0.838 0.84

Yamagata 0.766 0.77 0.775 0.778 0.782 0.785 0.788 0.791 0.792 0.794 0.795 0.796 0.799 0.802 0.805 0.807 0.809 0.812 0.814 0.816 0.819 0.821 0.824 0.826 0.828 0.829 0.83 0.832

Yamaguchi 0.79 0.794 0.799 0.802 0.806 0.809 0.812 0.815 0.817 0.819 0.82 0.822 0.824 0.826 0.828 0.83 0.831 0.832 0.834 0.835 0.837 0.839 0.841 0.843 0.846 0.847 0.848 0.849

Yamanashi 0.791 0.796 0.8 0.804 0.808 0.812 0.815 0.818 0.82 0.822 0.823 0.825 0.827 0.829 0.832 0.834 0.836 0.837 0.839 0.841 0.842 0.844 0.846 0.848 0.85 0.851 0.853 0.854

South Korea 0.713 0.724 0.733 0.742 0.751 0.76 0.768 0.777 0.783 0.79 0.799 0.806 0.814 0.82 0.825 0.83 0.834 0.839 0.843 0.846 0.85 0.853 0.857 0.86 0.864 0.867 0.869 0.872

Singapore 0.736 0.744 0.75 0.758 0.765 0.772 0.78 0.786 0.79 0.79 0.797 0.808 0.815 0.82 0.824 0.827 0.832 0.838 0.844 0.849 0.854 0.857 0.86 0.863 0.865 0.868 0.87 0.872

High-income North America 0.784 0.786 0.789 0.793 0.796 0.8 0.805 0.807 0.809 0.812 0.815 0.82 0.824 0.827 0.829 0.83 0.829 0.832 0.837 0.843 0.848 0.852 0.856 0.859 0.861 0.865 0.867 0.868

Canada 0.802 0.805 0.808 0.811 0.814 0.818 0.823 0.828 0.832 0.836 0.841 0.846 0.85 0.853 0.857 0.859 0.861 0.862 0.864 0.867 0.871 0.874 0.877 0.878 0.879 0.88 0.881 0.882

Greenland 0.671 0.67 0.67 0.671 0.672 0.675 0.679 0.683 0.687 0.691 0.695 0.699 0.703 0.708 0.713 0.717 0.722 0.726 0.731 0.737 0.743 0.747 0.751 0.754 0.756 0.757 0.759 0.76

USA 0.781 0.784 0.787 0.79 0.793 0.798 0.803 0.804 0.806 0.809 0.812 0.817 0.821 0.823 0.826 0.826 0.826 0.829 0.834 0.84 0.846 0.85 0.853 0.857 0.859 0.863 0.866 0.867

Alabama 0.745 0.749 0.753 0.757 0.76 0.765 0.769 0.769 0.771 0.773 0.777 0.783 0.787 0.791 0.794 0.794 0.793 0.796 0.801 0.809 0.816 0.82 0.824 0.827 0.83 0.834 0.837 0.837

Alaska 0.755 0.757 0.761 0.767 0.772 0.781 0.788 0.79 0.793 0.795 0.799 0.804 0.808 0.811 0.814 0.813 0.811 0.813 0.818 0.826 0.833 0.838 0.843 0.847 0.851 0.857 0.86 0.861

Arizona 0.751 0.753 0.755 0.758 0.76 0.764 0.769 0.77 0.771 0.772 0.775 0.781 0.784 0.787 0.79 0.791 0.791 0.797 0.806 0.815 0.823 0.828 0.832 0.836 0.839 0.842 0.845 0.845

Arkansas 0.723 0.727 0.733 0.738 0.741 0.746 0.751 0.751 0.753 0.754 0.757 0.763 0.767 0.77 0.773 0.772 0.77 0.774 0.78 0.789 0.797 0.802 0.807 0.811 0.816 0.821 0.825 0.826

California 0.771 0.771 0.773 0.776 0.78 0.787 0.794 0.798 0.803 0.807 0.812 0.819 0.823 0.826 0.829 0.83 0.831 0.835 0.84 0.846 0.852 0.856 0.859 0.863 0.865 0.869 0.871 0.872

Colorado 0.798 0.801 0.804 0.807 0.81 0.815 0.818 0.819 0.82 0.821 0.824 0.83 0.833 0.836 0.839 0.84 0.84 0.844 0.849 0.855 0.861 0.865 0.869 0.872 0.875 0.879 0.881 0.882

Connecticut 0.841 0.844 0.847 0.85 0.853 0.856 0.859 0.861 0.863 0.866 0.869 0.874 0.877 0.879 0.881 0.881 0.881 0.883 0.886 0.89 0.894 0.896 0.899 0.901 0.903 0.905 0.906 0.906

Delaware 0.801 0.804 0.808 0.811 0.813 0.816 0.819 0.819 0.82 0.822 0.825 0.83 0.833 0.836 0.838 0.839 0.838 0.841 0.846 0.852 0.858 0.861 0.864 0.866 0.868 0.871 0.873 0.874

Washington, DC 0.797 0.801 0.806 0.812 0.818 0.826 0.834 0.839 0.845 0.85 0.855 0.861 0.865 0.868 0.869 0.868 0.866 0.866 0.868 0.871 0.874 0.876 0.877 0.88 0.883 0.887 0.89 0.89

Florida 0.774 0.778 0.782 0.786 0.789 0.794 0.799 0.8 0.802 0.804 0.808 0.813 0.817 0.82 0.823 0.824 0.825 0.828 0.834 0.84 0.846 0.85 0.853 0.855 0.858 0.861 0.863 0.864

Georgia 0.755 0.759 0.764 0.769 0.772 0.778 0.782 0.783 0.784 0.785 0.788 0.793 0.796 0.798 0.801 0.801 0.8 0.804 0.81 0.818 0.825 0.83 0.834 0.837 0.841 0.845 0.848 0.848
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Hawaii 0.781 0.784 0.788 0.792 0.797 0.805 0.811 0.813 0.815 0.817 0.82 0.824 0.828 0.83 0.833 0.833 0.832 0.834 0.839 0.845 0.851 0.854 0.858 0.861 0.864 0.868 0.871 0.872

Idaho 0.756 0.76 0.764 0.769 0.773 0.778 0.783 0.783 0.784 0.785 0.787 0.791 0.794 0.796 0.799 0.798 0.797 0.801 0.807 0.814 0.821 0.824 0.827 0.83 0.832 0.836 0.84 0.841

Illinois 0.787 0.789 0.792 0.796 0.799 0.805 0.81 0.812 0.816 0.818 0.823 0.828 0.833 0.837 0.84 0.841 0.841 0.845 0.85 0.855 0.861 0.864 0.867 0.87 0.873 0.876 0.879 0.879

Indiana 0.772 0.774 0.778 0.781 0.783 0.787 0.791 0.791 0.793 0.794 0.797 0.802 0.806 0.808 0.81 0.809 0.807 0.809 0.813 0.819 0.825 0.829 0.832 0.836 0.839 0.844 0.847 0.848

Iowa 0.794 0.797 0.8 0.803 0.806 0.809 0.813 0.814 0.816 0.818 0.821 0.825 0.828 0.829 0.832 0.831 0.83 0.832 0.837 0.843 0.848 0.852 0.856 0.86 0.863 0.867 0.87 0.87

Kansas 0.782 0.785 0.788 0.791 0.794 0.798 0.802 0.803 0.804 0.806 0.809 0.814 0.817 0.819 0.821 0.819 0.817 0.819 0.823 0.83 0.837 0.842 0.847 0.852 0.856 0.861 0.864 0.864

Kentucky 0.743 0.747 0.751 0.755 0.759 0.763 0.768 0.769 0.77 0.772 0.776 0.782 0.786 0.789 0.791 0.79 0.787 0.789 0.793 0.799 0.806 0.81 0.814 0.817 0.821 0.827 0.83 0.831

Louisiana 0.735 0.739 0.743 0.748 0.752 0.758 0.762 0.764 0.765 0.767 0.771 0.777 0.782 0.786 0.789 0.788 0.787 0.79 0.796 0.803 0.811 0.815 0.819 0.823 0.826 0.831 0.835 0.835

Maine 0.789 0.795 0.8 0.805 0.809 0.814 0.817 0.819 0.821 0.823 0.826 0.83 0.834 0.837 0.84 0.84 0.84 0.842 0.846 0.851 0.856 0.859 0.861 0.864 0.866 0.869 0.871 0.872

Maryland 0.813 0.817 0.821 0.825 0.828 0.833 0.836 0.838 0.839 0.841 0.845 0.85 0.854 0.857 0.86 0.861 0.861 0.864 0.868 0.874 0.879 0.883 0.886 0.889 0.891 0.894 0.896 0.896

Massachusetts 0.843 0.847 0.85 0.853 0.856 0.86 0.864 0.866 0.869 0.871 0.875 0.88 0.883 0.886 0.888 0.889 0.89 0.893 0.896 0.899 0.902 0.904 0.907 0.909 0.91 0.912 0.913 0.913

Michigan 0.788 0.791 0.795 0.799 0.803 0.808 0.813 0.815 0.817 0.82 0.823 0.829 0.832 0.835 0.838 0.838 0.837 0.839 0.841 0.845 0.849 0.852 0.854 0.857 0.86 0.864 0.867 0.868

Minnesota 0.818 0.821 0.825 0.828 0.83 0.834 0.837 0.839 0.841 0.843 0.845 0.849 0.852 0.855 0.857 0.858 0.858 0.86 0.865 0.87 0.874 0.877 0.881 0.884 0.886 0.89 0.892 0.893

Mississippi 0.719 0.722 0.727 0.732 0.736 0.741 0.746 0.747 0.748 0.75 0.753 0.758 0.762 0.764 0.765 0.764 0.76 0.763 0.77 0.779 0.789 0.794 0.8 0.804 0.809 0.814 0.818 0.819

Missouri 0.77 0.773 0.777 0.781 0.784 0.789 0.793 0.795 0.797 0.799 0.802 0.806 0.81 0.812 0.813 0.812 0.811 0.813 0.818 0.825 0.831 0.835 0.839 0.842 0.846 0.85 0.853 0.853

Montana 0.775 0.779 0.783 0.789 0.793 0.799 0.804 0.805 0.807 0.808 0.81 0.814 0.816 0.819 0.822 0.822 0.821 0.823 0.827 0.833 0.839 0.843 0.847 0.851 0.855 0.859 0.862 0.863

Nebraska 0.795 0.798 0.802 0.805 0.808 0.813 0.817 0.817 0.819 0.819 0.821 0.824 0.827 0.829 0.831 0.831 0.83 0.832 0.836 0.842 0.848 0.853 0.857 0.861 0.865 0.869 0.872 0.873

Nevada 0.76 0.761 0.762 0.765 0.767 0.773 0.779 0.781 0.784 0.787 0.791 0.798 0.802 0.805 0.808 0.809 0.81 0.814 0.82 0.827 0.833 0.836 0.838 0.84 0.842 0.845 0.847 0.847

New Hampshire 0.827 0.832 0.835 0.838 0.84 0.844 0.847 0.849 0.852 0.856 0.86 0.865 0.869 0.872 0.874 0.875 0.876 0.878 0.881 0.885 0.889 0.891 0.894 0.897 0.899 0.902 0.904 0.904

New Jersey 0.828 0.831 0.834 0.838 0.841 0.845 0.849 0.85 0.852 0.854 0.857 0.861 0.864 0.867 0.87 0.87 0.871 0.873 0.876 0.881 0.885 0.888 0.89 0.893 0.895 0.897 0.899 0.899

New Mexico 0.733 0.735 0.739 0.743 0.748 0.755 0.76 0.762 0.764 0.765 0.767 0.773 0.777 0.779 0.782 0.781 0.779 0.783 0.79 0.799 0.808 0.814 0.819 0.823 0.828 0.832 0.835 0.835

New York 0.816 0.819 0.822 0.825 0.828 0.832 0.836 0.838 0.841 0.843 0.847 0.852 0.855 0.858 0.86 0.861 0.861 0.864 0.868 0.872 0.877 0.88 0.883 0.886 0.889 0.892 0.893 0.893

North Carolina 0.763 0.766 0.77 0.774 0.777 0.781 0.785 0.785 0.786 0.788 0.791 0.796 0.8 0.802 0.805 0.805 0.805 0.809 0.815 0.822 0.829 0.833 0.836 0.84 0.843 0.846 0.849 0.85

North Dakota 0.79 0.792 0.796 0.799 0.802 0.807 0.813 0.816 0.82 0.823 0.827 0.83 0.833 0.834 0.835 0.835 0.833 0.835 0.839 0.844 0.85 0.854 0.859 0.864 0.87 0.875 0.879 0.88

Ohio 0.78 0.783 0.787 0.79 0.793 0.797 0.801 0.802 0.804 0.806 0.809 0.814 0.818 0.82 0.822 0.822 0.821 0.822 0.826 0.832 0.837 0.841 0.844 0.847 0.85 0.854 0.857 0.858

Oklahoma 0.749 0.751 0.755 0.758 0.76 0.764 0.768 0.768 0.768 0.769 0.772 0.777 0.781 0.784 0.786 0.785 0.784 0.786 0.792 0.8 0.808 0.813 0.818 0.824 0.829 0.835 0.838 0.838

Oregon 0.785 0.788 0.791 0.794 0.797 0.802 0.806 0.808 0.811 0.814 0.818 0.824 0.827 0.83 0.833 0.833 0.833 0.836 0.841 0.847 0.852 0.855 0.858 0.861 0.864 0.867 0.87 0.871

Pennsylvania 0.8 0.804 0.808 0.812 0.816 0.821 0.824 0.826 0.828 0.83 0.833 0.837 0.84 0.842 0.845 0.845 0.845 0.847 0.851 0.856 0.86 0.863 0.866 0.869 0.871 0.875 0.878 0.879

Rhode Island 0.815 0.818 0.822 0.825 0.827 0.831 0.834 0.835 0.838 0.84 0.843 0.848 0.851 0.854 0.857 0.858 0.859 0.862 0.866 0.87 0.875 0.877 0.88 0.882 0.885 0.887 0.889 0.89

South Carolina 0.752 0.757 0.762 0.768 0.772 0.777 0.781 0.782 0.783 0.785 0.787 0.793 0.796 0.799 0.801 0.8 0.799 0.802 0.808 0.815 0.822 0.826 0.83 0.834 0.838 0.842 0.845 0.846

South Dakota 0.769 0.772 0.777 0.783 0.788 0.794 0.799 0.801 0.804 0.805 0.808 0.811 0.813 0.814 0.816 0.814 0.812 0.814 0.819 0.826 0.833 0.838 0.842 0.847 0.851 0.856 0.859 0.86

Tennessee 0.749 0.752 0.757 0.761 0.765 0.77 0.774 0.775 0.777 0.779 0.781 0.786 0.788 0.789 0.79 0.789 0.786 0.789 0.795 0.803 0.81 0.815 0.819 0.823 0.827 0.832 0.836 0.837

Texas 0.743 0.745 0.747 0.75 0.752 0.757 0.761 0.763 0.764 0.766 0.769 0.775 0.779 0.782 0.784 0.783 0.782 0.785 0.792 0.801 0.809 0.815 0.82 0.824 0.829 0.834 0.837 0.838

Utah 0.761 0.765 0.769 0.773 0.776 0.781 0.786 0.787 0.79 0.792 0.795 0.8 0.803 0.806 0.808 0.808 0.807 0.811 0.817 0.825 0.832 0.837 0.841 0.845 0.848 0.852 0.855 0.856

Vermont 0.815 0.819 0.823 0.827 0.83 0.833 0.837 0.839 0.841 0.844 0.848 0.853 0.857 0.86 0.864 0.866 0.866 0.869 0.872 0.876 0.88 0.882 0.885 0.887 0.89 0.893 0.895 0.896

Virginia 0.8 0.803 0.807 0.81 0.814 0.818 0.822 0.823 0.824 0.826 0.829 0.834 0.838 0.841 0.845 0.846 0.847 0.851 0.856 0.862 0.867 0.871 0.874 0.877 0.88 0.883 0.885 0.885

Washington 0.797 0.8 0.804 0.807 0.811 0.816 0.821 0.823 0.827 0.83 0.834 0.84 0.844 0.846 0.849 0.848 0.848 0.85 0.855 0.86 0.865 0.868 0.871 0.874 0.877 0.881 0.883 0.884

West Virginia 0.749 0.752 0.756 0.761 0.764 0.769 0.773 0.774 0.775 0.776 0.778 0.783 0.786 0.787 0.789 0.787 0.784 0.784 0.787 0.793 0.799 0.802 0.806 0.81 0.814 0.82 0.824 0.825

Wisconsin 0.801 0.804 0.808 0.812 0.815 0.819 0.823 0.825 0.826 0.828 0.831 0.835 0.839 0.841 0.843 0.843 0.843 0.845 0.849 0.853 0.858 0.862 0.865 0.868 0.871 0.874 0.877 0.878

Wyoming 0.766 0.771 0.777 0.782 0.786 0.792 0.796 0.797 0.799 0.801 0.804 0.809 0.813 0.816 0.818 0.819 0.819 0.823 0.831 0.838 0.846 0.851 0.855 0.858 0.862 0.866 0.869 0.869

Southern Latin America 0.594 0.6 0.607 0.613 0.619 0.626 0.632 0.638 0.643 0.648 0.652 0.655 0.658 0.662 0.667 0.673 0.677 0.679 0.682 0.685 0.69 0.695 0.7 0.704 0.707 0.713 0.717 0.72

Argentina 0.59 0.595 0.604 0.61 0.617 0.624 0.63 0.635 0.64 0.644 0.647 0.649 0.65 0.653 0.658 0.665 0.669 0.672 0.675 0.677 0.681 0.686 0.691 0.693 0.696 0.702 0.707 0.71

Chile 0.6 0.608 0.615 0.62 0.626 0.633 0.64 0.647 0.654 0.661 0.667 0.674 0.681 0.687 0.692 0.696 0.698 0.701 0.704 0.708 0.714 0.721 0.727 0.732 0.738 0.742 0.746 0.748

Uruguay 0.592 0.597 0.6 0.602 0.606 0.609 0.613 0.618 0.625 0.632 0.637 0.64 0.643 0.647 0.652 0.656 0.659 0.661 0.663 0.666 0.671 0.675 0.68 0.685 0.691 0.697 0.702 0.707

Western Europe 0.764 0.77 0.776 0.782 0.787 0.791 0.795 0.798 0.801 0.805 0.809 0.813 0.817 0.82 0.822 0.825 0.828 0.83 0.833 0.836 0.838 0.842 0.845 0.848 0.851 0.853 0.855 0.857

Andorra 0.85 0.854 0.856 0.857 0.858 0.859 0.86 0.863 0.866 0.868 0.871 0.873 0.875 0.878 0.881 0.883 0.885 0.886 0.888 0.89 0.891 0.894 0.896 0.897 0.899 0.9 0.901 0.902

Austria 0.776 0.778 0.78 0.785 0.79 0.795 0.8 0.805 0.809 0.813 0.818 0.822 0.825 0.828 0.831 0.834 0.838 0.841 0.845 0.847 0.85 0.854 0.857 0.859 0.862 0.863 0.865 0.866

Belgium 0.803 0.808 0.813 0.818 0.822 0.826 0.829 0.832 0.835 0.837 0.84 0.843 0.847 0.849 0.852 0.854 0.856 0.858 0.861 0.863 0.867 0.871 0.875 0.879 0.882 0.884 0.885 0.886

Cyprus 0.724 0.73 0.74 0.75 0.758 0.765 0.771 0.778 0.784 0.789 0.795 0.803 0.81 0.817 0.824 0.83 0.837 0.842 0.847 0.851 0.854 0.857 0.859 0.861 0.862 0.863 0.864 0.865

Denmark 0.846 0.849 0.852 0.855 0.858 0.862 0.866 0.87 0.874 0.877 0.881 0.884 0.888 0.891 0.893 0.895 0.897 0.898 0.9 0.902 0.904 0.907 0.91 0.912 0.914 0.915 0.916 0.918

Finland 0.813 0.813 0.814 0.817 0.821 0.825 0.828 0.831 0.835 0.84 0.844 0.847 0.851 0.854 0.857 0.859 0.862 0.865 0.869 0.871 0.875 0.878 0.881 0.884 0.887 0.889 0.891 0.893

France 0.769 0.776 0.783 0.79 0.793 0.795 0.802 0.806 0.808 0.813 0.816 0.819 0.824 0.827 0.83 0.833 0.836 0.838 0.84 0.842 0.845 0.848 0.851 0.854 0.857 0.86 0.863 0.865

Germany 0.787 0.796 0.801 0.805 0.809 0.811 0.812 0.813 0.813 0.814 0.818 0.823 0.827 0.829 0.832 0.835 0.838 0.842 0.846 0.848 0.851 0.855 0.858 0.861 0.864 0.866 0.868 0.87
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Greece 0.717 0.723 0.731 0.738 0.744 0.75 0.755 0.761 0.767 0.773 0.778 0.782 0.787 0.792 0.796 0.8 0.803 0.806 0.809 0.812 0.815 0.818 0.819 0.82 0.819 0.818 0.817 0.817

Iceland 0.814 0.818 0.821 0.825 0.828 0.83 0.833 0.835 0.839 0.843 0.848 0.854 0.859 0.862 0.865 0.869 0.872 0.876 0.88 0.883 0.886 0.889 0.892 0.895 0.899 0.902 0.905 0.907

Ireland 0.756 0.762 0.768 0.774 0.779 0.785 0.79 0.795 0.802 0.808 0.814 0.821 0.827 0.834 0.84 0.844 0.846 0.849 0.851 0.855 0.858 0.862 0.865 0.867 0.87 0.874 0.878 0.882

Israel 0.734 0.738 0.743 0.748 0.752 0.757 0.76 0.764 0.768 0.772 0.776 0.78 0.783 0.786 0.789 0.793 0.796 0.798 0.798 0.799 0.801 0.803 0.805 0.808 0.81 0.812 0.814 0.816

Italy 0.767 0.772 0.778 0.783 0.788 0.793 0.797 0.8 0.804 0.807 0.81 0.814 0.817 0.819 0.821 0.823 0.825 0.827 0.829 0.83 0.832 0.834 0.836 0.838 0.839 0.841 0.842 0.843

Luxembourg 0.845 0.849 0.851 0.854 0.858 0.862 0.866 0.869 0.873 0.876 0.878 0.88 0.881 0.883 0.885 0.888 0.891 0.894 0.896 0.899 0.901 0.904 0.906 0.909 0.912 0.913 0.915 0.916

Malta 0.729 0.733 0.737 0.743 0.748 0.752 0.756 0.761 0.766 0.773 0.779 0.784 0.788 0.792 0.796 0.799 0.802 0.805 0.808 0.811 0.814 0.817 0.82 0.823 0.826 0.829 0.833 0.836

Netherlands 0.827 0.832 0.837 0.841 0.845 0.849 0.852 0.855 0.858 0.862 0.866 0.87 0.873 0.876 0.879 0.882 0.885 0.887 0.89 0.892 0.895 0.898 0.901 0.904 0.906 0.908 0.91 0.912

Norway 0.811 0.816 0.821 0.827 0.831 0.835 0.84 0.846 0.85 0.855 0.86 0.866 0.87 0.873 0.876 0.878 0.88 0.882 0.885 0.888 0.892 0.896 0.9 0.903 0.906 0.909 0.91 0.911

Portugal 0.642 0.65 0.659 0.667 0.675 0.682 0.688 0.694 0.699 0.705 0.71 0.716 0.722 0.727 0.732 0.736 0.741 0.744 0.748 0.751 0.755 0.76 0.764 0.768 0.771 0.773 0.775 0.778

Spain 0.715 0.723 0.731 0.738 0.745 0.752 0.758 0.763 0.768 0.773 0.778 0.782 0.786 0.79 0.794 0.797 0.799 0.802 0.805 0.809 0.812 0.815 0.818 0.819 0.82 0.822 0.823 0.825

Sweden 0.784 0.789 0.795 0.802 0.808 0.815 0.82 0.825 0.831 0.835 0.838 0.841 0.844 0.847 0.85 0.853 0.855 0.857 0.86 0.862 0.865 0.868 0.871 0.874 0.876 0.879 0.881 0.883

Stockholm 0.825 0.83 0.835 0.84 0.845 0.85 0.854 0.859 0.864 0.867 0.871 0.873 0.876 0.879 0.882 0.885 0.888 0.891 0.893 0.896 0.899 0.902 0.904 0.907 0.909 0.911 0.913 0.914

Sweden except Stockholm 0.773 0.778 0.785 0.792 0.798 0.805 0.811 0.816 0.821 0.825 0.829 0.832 0.834 0.838 0.841 0.843 0.845 0.848 0.85 0.852 0.854 0.858 0.86 0.863 0.866 0.868 0.87 0.873

Switzerland 0.841 0.842 0.844 0.846 0.847 0.848 0.849 0.85 0.851 0.852 0.854 0.857 0.859 0.86 0.862 0.863 0.865 0.868 0.871 0.873 0.875 0.877 0.88 0.882 0.884 0.886 0.887 0.889

United Kingdom 0.723 0.729 0.736 0.743 0.749 0.754 0.758 0.762 0.767 0.774 0.78 0.786 0.791 0.794 0.797 0.801 0.804 0.807 0.81 0.813 0.817 0.821 0.826 0.832 0.836 0.839 0.841 0.843

England 0.732 0.738 0.745 0.752 0.758 0.763 0.766 0.77 0.776 0.782 0.788 0.794 0.798 0.801 0.804 0.807 0.81 0.813 0.816 0.819 0.823 0.827 0.832 0.838 0.842 0.845 0.847 0.849

East Midlands 0.71 0.716 0.723 0.73 0.737 0.741 0.745 0.75 0.755 0.762 0.768 0.773 0.778 0.781 0.785 0.788 0.791 0.794 0.797 0.8 0.804 0.808 0.813 0.819 0.823 0.826 0.828 0.83

Derby 0.715 0.722 0.73 0.738 0.745 0.75 0.754 0.758 0.764 0.771 0.778 0.785 0.79 0.793 0.797 0.801 0.803 0.806 0.809 0.811 0.815 0.82 0.826 0.832 0.837 0.841 0.844 0.846

Derbyshire 0.698 0.703 0.71 0.716 0.723 0.727 0.731 0.735 0.74 0.747 0.753 0.758 0.762 0.765 0.768 0.771 0.774 0.777 0.779 0.782 0.785 0.79 0.796 0.803 0.808 0.812 0.815 0.817

Leicester 0.708 0.715 0.723 0.73 0.737 0.743 0.747 0.751 0.756 0.763 0.769 0.775 0.78 0.785 0.79 0.794 0.798 0.802 0.805 0.809 0.813 0.817 0.822 0.828 0.832 0.835 0.837 0.839

Leicestershire 0.727 0.733 0.74 0.748 0.754 0.759 0.763 0.767 0.773 0.778 0.784 0.789 0.794 0.798 0.802 0.806 0.81 0.814 0.817 0.82 0.823 0.827 0.831 0.836 0.839 0.842 0.844 0.846

Lincolnshire 0.699 0.705 0.711 0.718 0.724 0.729 0.732 0.737 0.742 0.748 0.754 0.76 0.764 0.768 0.77 0.772 0.774 0.776 0.779 0.781 0.784 0.788 0.793 0.8 0.804 0.808 0.81 0.812

Northamptonshire 0.714 0.72 0.728 0.735 0.741 0.746 0.749 0.753 0.757 0.764 0.77 0.775 0.779 0.781 0.784 0.787 0.79 0.792 0.796 0.798 0.802 0.806 0.812 0.818 0.822 0.825 0.828 0.829

Nottingham 0.735 0.742 0.749 0.757 0.763 0.769 0.774 0.78 0.786 0.793 0.8 0.806 0.812 0.817 0.822 0.826 0.829 0.832 0.835 0.839 0.842 0.847 0.852 0.856 0.859 0.861 0.862 0.863

Nottinghamshire 0.696 0.702 0.708 0.715 0.722 0.726 0.73 0.734 0.74 0.747 0.754 0.76 0.765 0.768 0.771 0.775 0.778 0.781 0.783 0.785 0.788 0.792 0.797 0.803 0.807 0.81 0.812 0.814

Rutland 0.73 0.735 0.741 0.746 0.752 0.756 0.759 0.762 0.767 0.772 0.777 0.781 0.784 0.787 0.79 0.793 0.797 0.8 0.804 0.806 0.81 0.814 0.818 0.823 0.826 0.829 0.831 0.833

East of England 0.724 0.73 0.737 0.744 0.75 0.755 0.759 0.763 0.768 0.774 0.78 0.786 0.79 0.793 0.796 0.799 0.802 0.805 0.808 0.811 0.814 0.818 0.824 0.83 0.834 0.837 0.839 0.84

Bedford 0.73 0.736 0.743 0.749 0.756 0.76 0.764 0.768 0.774 0.78 0.785 0.79 0.794 0.797 0.8 0.803 0.805 0.807 0.81 0.812 0.816 0.82 0.825 0.83 0.833 0.836 0.837 0.838

Cambridgeshire 0.75 0.757 0.764 0.771 0.777 0.782 0.786 0.791 0.797 0.803 0.809 0.815 0.82 0.823 0.827 0.83 0.833 0.836 0.84 0.842 0.846 0.85 0.855 0.86 0.864 0.867 0.869 0.871

Central Bedfordshire 0.723 0.729 0.736 0.743 0.749 0.753 0.757 0.76 0.765 0.771 0.776 0.781 0.785 0.787 0.79 0.793 0.795 0.797 0.8 0.803 0.806 0.81 0.816 0.822 0.827 0.83 0.833 0.834

Essex 0.713 0.719 0.726 0.734 0.74 0.745 0.748 0.753 0.758 0.764 0.77 0.775 0.78 0.783 0.787 0.79 0.793 0.796 0.8 0.802 0.806 0.81 0.816 0.821 0.825 0.828 0.83 0.832

Hertfordshire 0.749 0.755 0.762 0.769 0.776 0.781 0.784 0.789 0.795 0.802 0.81 0.816 0.821 0.825 0.829 0.832 0.835 0.837 0.84 0.843 0.846 0.85 0.855 0.86 0.863 0.866 0.868 0.87

Luton 0.71 0.716 0.723 0.731 0.737 0.742 0.745 0.749 0.754 0.76 0.766 0.771 0.775 0.778 0.781 0.785 0.79 0.795 0.8 0.805 0.809 0.814 0.819 0.825 0.828 0.83 0.832 0.833

Norfolk 0.712 0.717 0.724 0.731 0.737 0.741 0.745 0.749 0.754 0.761 0.767 0.772 0.776 0.779 0.781 0.784 0.787 0.79 0.792 0.795 0.798 0.803 0.808 0.814 0.819 0.822 0.824 0.826

Peterborough 0.713 0.718 0.724 0.731 0.737 0.741 0.743 0.746 0.751 0.757 0.761 0.765 0.768 0.77 0.772 0.774 0.776 0.778 0.779 0.781 0.784 0.788 0.795 0.803 0.808 0.813 0.816 0.818

Southend-on-Sea 0.696 0.701 0.707 0.714 0.72 0.724 0.727 0.731 0.736 0.743 0.75 0.755 0.761 0.765 0.768 0.77 0.773 0.775 0.778 0.781 0.785 0.79 0.795 0.801 0.805 0.808 0.81 0.811

Suffolk 0.713 0.719 0.726 0.732 0.738 0.742 0.745 0.748 0.753 0.758 0.763 0.767 0.771 0.773 0.775 0.777 0.78 0.782 0.785 0.788 0.792 0.797 0.803 0.81 0.814 0.817 0.819 0.821

Thurrock 0.71 0.716 0.723 0.73 0.737 0.741 0.745 0.749 0.754 0.759 0.763 0.767 0.769 0.77 0.772 0.774 0.775 0.776 0.778 0.781 0.784 0.789 0.793 0.799 0.802 0.804 0.806 0.807

Greater London 0.78 0.786 0.793 0.8 0.806 0.81 0.814 0.818 0.823 0.83 0.836 0.842 0.846 0.849 0.852 0.855 0.858 0.861 0.863 0.866 0.87 0.875 0.88 0.885 0.889 0.891 0.893 0.894

Barking and Dagenham 0.704 0.709 0.716 0.723 0.73 0.734 0.737 0.741 0.746 0.752 0.756 0.76 0.762 0.762 0.763 0.763 0.763 0.763 0.764 0.765 0.768 0.773 0.78 0.787 0.793 0.797 0.8 0.802

Barnet 0.759 0.765 0.771 0.777 0.783 0.788 0.792 0.796 0.802 0.809 0.814 0.82 0.824 0.827 0.829 0.831 0.834 0.835 0.838 0.84 0.843 0.847 0.852 0.856 0.859 0.862 0.864 0.865

Bexley 0.721 0.727 0.734 0.74 0.746 0.75 0.753 0.757 0.761 0.767 0.772 0.777 0.781 0.784 0.787 0.789 0.791 0.793 0.796 0.798 0.801 0.804 0.809 0.815 0.819 0.822 0.824 0.826

Brent 0.753 0.758 0.764 0.771 0.777 0.781 0.785 0.789 0.795 0.801 0.806 0.811 0.814 0.816 0.818 0.819 0.821 0.821 0.822 0.823 0.825 0.828 0.833 0.839 0.842 0.845 0.847 0.849

Bromley 0.751 0.756 0.762 0.768 0.774 0.778 0.782 0.786 0.791 0.798 0.804 0.809 0.814 0.817 0.82 0.822 0.825 0.827 0.829 0.83 0.831 0.833 0.837 0.84 0.843 0.845 0.847 0.848

Camden 0.838 0.843 0.848 0.854 0.858 0.862 0.866 0.869 0.873 0.88 0.885 0.889 0.892 0.895 0.898 0.901 0.904 0.906 0.908 0.911 0.913 0.917 0.92 0.924 0.926 0.927 0.929 0.93

Croydon 0.741 0.747 0.754 0.761 0.767 0.771 0.774 0.777 0.782 0.788 0.794 0.799 0.803 0.805 0.808 0.81 0.812 0.813 0.815 0.816 0.818 0.82 0.824 0.827 0.83 0.831 0.832 0.833

Ealing 0.764 0.77 0.776 0.783 0.789 0.794 0.797 0.801 0.807 0.814 0.82 0.825 0.828 0.831 0.833 0.834 0.835 0.836 0.837 0.837 0.839 0.843 0.848 0.853 0.857 0.86 0.863 0.865

Enfield 0.737 0.742 0.749 0.755 0.761 0.765 0.768 0.772 0.777 0.783 0.788 0.793 0.797 0.799 0.801 0.802 0.804 0.806 0.809 0.811 0.814 0.818 0.824 0.829 0.833 0.836 0.838 0.839

Greenwich 0.725 0.732 0.74 0.747 0.754 0.758 0.762 0.766 0.771 0.777 0.783 0.788 0.791 0.793 0.795 0.797 0.799 0.801 0.803 0.805 0.809 0.813 0.819 0.824 0.828 0.83 0.832 0.833

Hackney 0.767 0.774 0.781 0.789 0.795 0.798 0.8 0.801 0.805 0.811 0.817 0.822 0.825 0.828 0.831 0.834 0.838 0.843 0.848 0.853 0.858 0.864 0.871 0.877 0.882 0.884 0.886 0.887

Hammersmith and Fulham 0.825 0.833 0.839 0.845 0.851 0.856 0.86 0.864 0.869 0.875 0.879 0.883 0.887 0.889 0.892 0.895 0.898 0.901 0.904 0.907 0.91 0.914 0.917 0.921 0.923 0.924 0.925 0.927

Haringey 0.755 0.761 0.766 0.773 0.778 0.782 0.785 0.788 0.792 0.798 0.804 0.809 0.813 0.815 0.818 0.821 0.823 0.825 0.828 0.829 0.832 0.835 0.84 0.845 0.848 0.851 0.852 0.854
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Harrow 0.747 0.754 0.76 0.767 0.773 0.777 0.78 0.784 0.79 0.796 0.802 0.808 0.812 0.815 0.819 0.821 0.824 0.825 0.827 0.829 0.83 0.832 0.835 0.839 0.842 0.844 0.846 0.848

Havering 0.719 0.725 0.731 0.737 0.743 0.747 0.75 0.754 0.759 0.765 0.77 0.775 0.78 0.783 0.786 0.789 0.792 0.794 0.797 0.8 0.802 0.805 0.809 0.814 0.817 0.82 0.823 0.824

Hillingdon 0.781 0.787 0.794 0.801 0.807 0.811 0.815 0.818 0.822 0.828 0.832 0.836 0.84 0.842 0.845 0.846 0.848 0.85 0.852 0.854 0.857 0.862 0.867 0.872 0.876 0.879 0.881 0.882

Hounslow 0.769 0.775 0.781 0.788 0.793 0.797 0.801 0.805 0.811 0.818 0.824 0.83 0.834 0.837 0.84 0.842 0.844 0.845 0.848 0.849 0.852 0.856 0.862 0.868 0.872 0.875 0.877 0.879

Islington 0.812 0.818 0.825 0.832 0.838 0.843 0.847 0.851 0.856 0.862 0.867 0.872 0.876 0.879 0.882 0.885 0.888 0.891 0.895 0.898 0.902 0.906 0.91 0.914 0.917 0.919 0.921 0.922

Kensington and Chelsea 0.839 0.845 0.851 0.857 0.861 0.865 0.869 0.873 0.877 0.884 0.889 0.894 0.897 0.899 0.902 0.905 0.907 0.909 0.912 0.915 0.918 0.921 0.924 0.927 0.929 0.93 0.931 0.932

Kingston upon Thames 0.787 0.794 0.8 0.807 0.812 0.817 0.821 0.826 0.831 0.838 0.844 0.849 0.854 0.858 0.861 0.864 0.867 0.869 0.872 0.874 0.876 0.879 0.882 0.885 0.887 0.888 0.889 0.89

Lambeth 0.775 0.783 0.791 0.797 0.804 0.808 0.812 0.816 0.821 0.828 0.835 0.84 0.845 0.848 0.852 0.856 0.86 0.864 0.869 0.873 0.877 0.882 0.887 0.892 0.895 0.897 0.899 0.9

Lewisham 0.733 0.74 0.746 0.753 0.759 0.763 0.766 0.77 0.775 0.781 0.787 0.793 0.797 0.799 0.802 0.804 0.806 0.808 0.811 0.813 0.816 0.821 0.826 0.832 0.836 0.839 0.841 0.843

Merton 0.758 0.765 0.771 0.779 0.785 0.79 0.795 0.799 0.805 0.812 0.819 0.824 0.828 0.83 0.833 0.835 0.837 0.839 0.841 0.843 0.845 0.849 0.855 0.86 0.865 0.868 0.871 0.873

Newham 0.716 0.722 0.728 0.734 0.74 0.743 0.746 0.748 0.753 0.76 0.765 0.771 0.775 0.777 0.78 0.781 0.783 0.785 0.788 0.792 0.799 0.806 0.815 0.823 0.829 0.833 0.836 0.838

Redbridge 0.728 0.733 0.739 0.746 0.751 0.756 0.759 0.763 0.768 0.774 0.78 0.785 0.789 0.791 0.794 0.796 0.798 0.801 0.803 0.805 0.807 0.811 0.816 0.821 0.825 0.827 0.83 0.831

Richmond upon Thames 0.794 0.801 0.807 0.813 0.819 0.824 0.827 0.832 0.837 0.844 0.85 0.856 0.86 0.864 0.867 0.87 0.872 0.874 0.876 0.878 0.88 0.883 0.887 0.891 0.895 0.897 0.9 0.902

Southwark 0.793 0.8 0.807 0.815 0.821 0.827 0.83 0.835 0.84 0.847 0.852 0.857 0.86 0.863 0.866 0.869 0.872 0.875 0.879 0.883 0.887 0.893 0.898 0.904 0.907 0.909 0.911 0.912

Sutton 0.735 0.74 0.747 0.754 0.761 0.765 0.769 0.774 0.78 0.787 0.793 0.798 0.802 0.805 0.808 0.809 0.811 0.813 0.815 0.817 0.819 0.823 0.828 0.833 0.836 0.839 0.841 0.843

Tower Hamlets 0.766 0.773 0.78 0.788 0.795 0.801 0.805 0.81 0.817 0.825 0.832 0.839 0.844 0.848 0.852 0.857 0.861 0.866 0.871 0.876 0.881 0.886 0.891 0.896 0.9 0.902 0.904 0.905

Waltham Forest 0.712 0.718 0.724 0.731 0.738 0.742 0.745 0.749 0.754 0.76 0.765 0.77 0.773 0.775 0.777 0.778 0.78 0.781 0.783 0.784 0.787 0.792 0.798 0.805 0.81 0.814 0.817 0.819

Wandsworth 0.793 0.8 0.807 0.814 0.82 0.825 0.83 0.835 0.84 0.848 0.855 0.862 0.867 0.87 0.873 0.876 0.879 0.881 0.885 0.887 0.889 0.893 0.897 0.901 0.905 0.907 0.909 0.911

Westminster 0.831 0.837 0.843 0.849 0.854 0.858 0.862 0.865 0.87 0.875 0.881 0.885 0.889 0.891 0.895 0.898 0.901 0.903 0.905 0.907 0.91 0.913 0.916 0.92 0.922 0.924 0.925 0.927

North East England 0.697 0.703 0.711 0.718 0.725 0.73 0.733 0.738 0.744 0.75 0.757 0.763 0.767 0.771 0.774 0.778 0.781 0.784 0.787 0.79 0.794 0.798 0.804 0.81 0.814 0.817 0.819 0.821

County Durham 0.69 0.696 0.703 0.71 0.717 0.721 0.725 0.73 0.735 0.742 0.748 0.754 0.758 0.762 0.765 0.767 0.77 0.772 0.776 0.778 0.782 0.786 0.792 0.798 0.802 0.806 0.808 0.81

Darlington 0.703 0.709 0.716 0.723 0.73 0.734 0.737 0.74 0.745 0.752 0.758 0.764 0.769 0.773 0.777 0.78 0.783 0.785 0.788 0.791 0.795 0.8 0.806 0.812 0.817 0.821 0.823 0.825

Gateshead 0.7 0.706 0.713 0.72 0.727 0.732 0.735 0.739 0.745 0.751 0.758 0.764 0.769 0.773 0.777 0.781 0.784 0.787 0.791 0.794 0.798 0.803 0.808 0.814 0.818 0.821 0.824 0.826

Hartlepool 0.677 0.683 0.69 0.697 0.703 0.707 0.71 0.714 0.719 0.726 0.732 0.737 0.74 0.742 0.744 0.747 0.749 0.752 0.755 0.758 0.762 0.767 0.773 0.78 0.785 0.788 0.791 0.793

Middlesbrough 0.688 0.695 0.702 0.709 0.716 0.72 0.723 0.727 0.732 0.74 0.746 0.751 0.755 0.758 0.762 0.766 0.769 0.772 0.775 0.778 0.781 0.786 0.792 0.797 0.801 0.804 0.806 0.808

Newcastle upon Tyne 0.736 0.743 0.751 0.759 0.765 0.771 0.776 0.781 0.787 0.794 0.801 0.808 0.814 0.82 0.825 0.831 0.835 0.84 0.843 0.846 0.85 0.854 0.858 0.863 0.866 0.869 0.87 0.872

North Tyneside 0.696 0.703 0.71 0.718 0.724 0.729 0.733 0.737 0.743 0.749 0.756 0.762 0.768 0.772 0.776 0.78 0.784 0.787 0.79 0.793 0.797 0.802 0.807 0.813 0.817 0.821 0.823 0.825

Northumberland 0.697 0.703 0.709 0.716 0.722 0.727 0.73 0.735 0.74 0.746 0.752 0.757 0.761 0.764 0.767 0.77 0.773 0.776 0.779 0.781 0.784 0.787 0.793 0.798 0.802 0.805 0.807 0.808

Redcar and Cleveland 0.67 0.675 0.682 0.689 0.696 0.701 0.704 0.708 0.714 0.721 0.727 0.732 0.736 0.738 0.741 0.743 0.745 0.747 0.75 0.752 0.756 0.76 0.767 0.775 0.78 0.784 0.787 0.79

South Tyneside 0.664 0.671 0.678 0.685 0.692 0.697 0.7 0.705 0.711 0.718 0.725 0.731 0.737 0.74 0.744 0.748 0.751 0.754 0.757 0.759 0.762 0.767 0.773 0.78 0.785 0.789 0.792 0.794

Stockton-on-Tees 0.705 0.712 0.72 0.728 0.735 0.74 0.744 0.748 0.754 0.761 0.767 0.772 0.775 0.777 0.779 0.781 0.784 0.785 0.788 0.791 0.794 0.798 0.804 0.811 0.815 0.818 0.821 0.823

Sunderland 0.689 0.696 0.704 0.713 0.72 0.725 0.729 0.733 0.739 0.746 0.752 0.758 0.763 0.766 0.77 0.773 0.776 0.779 0.782 0.784 0.787 0.791 0.797 0.803 0.808 0.811 0.813 0.815

North West England 0.716 0.723 0.729 0.736 0.742 0.747 0.751 0.755 0.76 0.766 0.772 0.778 0.782 0.786 0.789 0.792 0.795 0.798 0.801 0.804 0.807 0.812 0.817 0.823 0.827 0.83 0.832 0.834

Blackburn with Darwen 0.691 0.695 0.701 0.707 0.713 0.717 0.719 0.723 0.728 0.734 0.74 0.745 0.748 0.75 0.753 0.756 0.758 0.761 0.764 0.766 0.769 0.774 0.78 0.788 0.793 0.797 0.8 0.802

Blackpool 0.68 0.685 0.691 0.698 0.703 0.707 0.71 0.713 0.718 0.724 0.729 0.733 0.737 0.738 0.741 0.743 0.745 0.747 0.748 0.75 0.752 0.756 0.762 0.768 0.773 0.776 0.779 0.781

Bolton 0.701 0.707 0.714 0.72 0.726 0.73 0.733 0.736 0.741 0.746 0.751 0.756 0.759 0.761 0.763 0.765 0.768 0.769 0.772 0.774 0.777 0.781 0.787 0.794 0.798 0.801 0.803 0.805

Bury 0.703 0.709 0.716 0.723 0.73 0.734 0.738 0.742 0.747 0.752 0.758 0.762 0.766 0.768 0.771 0.774 0.777 0.779 0.781 0.783 0.786 0.791 0.797 0.803 0.807 0.81 0.813 0.815

Cheshire East 0.748 0.754 0.76 0.767 0.773 0.778 0.782 0.787 0.792 0.798 0.803 0.809 0.813 0.817 0.82 0.823 0.826 0.829 0.832 0.834 0.836 0.84 0.845 0.851 0.856 0.859 0.861 0.864

Cheshire West and Chester 0.74 0.747 0.754 0.761 0.768 0.772 0.776 0.78 0.785 0.792 0.797 0.803 0.807 0.811 0.815 0.818 0.822 0.825 0.828 0.831 0.834 0.838 0.842 0.847 0.85 0.852 0.854 0.855

Cumbria 0.719 0.724 0.731 0.737 0.743 0.748 0.751 0.755 0.76 0.765 0.77 0.774 0.777 0.779 0.782 0.784 0.787 0.789 0.792 0.794 0.798 0.802 0.808 0.815 0.819 0.823 0.826 0.828

Halton 0.702 0.708 0.715 0.723 0.729 0.734 0.737 0.74 0.745 0.75 0.756 0.762 0.766 0.769 0.772 0.775 0.778 0.78 0.784 0.787 0.791 0.797 0.803 0.81 0.815 0.819 0.822 0.824

Knowsley 0.691 0.696 0.702 0.708 0.714 0.718 0.722 0.726 0.731 0.737 0.743 0.749 0.754 0.757 0.76 0.764 0.767 0.77 0.774 0.777 0.782 0.787 0.793 0.8 0.806 0.81 0.813 0.816

Lancashire 0.72 0.726 0.734 0.741 0.747 0.752 0.756 0.76 0.765 0.77 0.775 0.78 0.784 0.786 0.789 0.792 0.794 0.797 0.799 0.802 0.805 0.809 0.815 0.82 0.824 0.827 0.829 0.831

Liverpool 0.721 0.728 0.735 0.742 0.748 0.753 0.757 0.762 0.768 0.775 0.783 0.789 0.795 0.801 0.806 0.811 0.815 0.819 0.823 0.828 0.831 0.835 0.84 0.844 0.847 0.849 0.851 0.852

Manchester 0.746 0.753 0.76 0.768 0.775 0.78 0.785 0.79 0.796 0.804 0.812 0.819 0.825 0.83 0.835 0.84 0.844 0.849 0.853 0.856 0.86 0.864 0.869 0.874 0.878 0.88 0.883 0.885

Oldham 0.685 0.69 0.697 0.703 0.708 0.711 0.713 0.715 0.719 0.724 0.729 0.733 0.737 0.739 0.741 0.744 0.746 0.749 0.752 0.754 0.758 0.763 0.77 0.778 0.782 0.786 0.788 0.79

Rochdale 0.686 0.692 0.698 0.705 0.711 0.715 0.717 0.721 0.726 0.732 0.738 0.742 0.746 0.748 0.75 0.753 0.755 0.757 0.76 0.762 0.765 0.77 0.777 0.783 0.787 0.791 0.793 0.795

Salford 0.708 0.714 0.721 0.728 0.735 0.74 0.743 0.747 0.753 0.761 0.768 0.775 0.781 0.785 0.79 0.794 0.797 0.8 0.803 0.806 0.809 0.814 0.819 0.826 0.83 0.834 0.836 0.838

Sefton 0.706 0.713 0.72 0.727 0.733 0.738 0.741 0.746 0.751 0.757 0.763 0.768 0.773 0.776 0.78 0.783 0.786 0.788 0.79 0.792 0.794 0.796 0.8 0.803 0.806 0.809 0.81 0.812

St Helens 0.684 0.69 0.696 0.703 0.709 0.713 0.716 0.72 0.725 0.731 0.738 0.744 0.749 0.753 0.756 0.759 0.762 0.765 0.768 0.771 0.774 0.779 0.785 0.791 0.795 0.798 0.801 0.803

Stockport 0.727 0.734 0.741 0.748 0.755 0.759 0.763 0.767 0.772 0.779 0.785 0.791 0.796 0.799 0.803 0.806 0.809 0.812 0.814 0.817 0.82 0.823 0.828 0.833 0.837 0.839 0.841 0.843

Tameside 0.691 0.697 0.703 0.71 0.716 0.721 0.724 0.728 0.734 0.74 0.746 0.751 0.755 0.758 0.76 0.762 0.763 0.764 0.766 0.768 0.77 0.774 0.779 0.785 0.79 0.793 0.795 0.797

Trafford 0.751 0.757 0.764 0.771 0.778 0.782 0.786 0.79 0.795 0.802 0.809 0.815 0.82 0.824 0.829 0.832 0.836 0.839 0.842 0.844 0.848 0.852 0.856 0.862 0.865 0.868 0.871 0.873

1107



Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Warrington 0.739 0.745 0.752 0.759 0.765 0.769 0.773 0.776 0.782 0.788 0.795 0.801 0.807 0.811 0.814 0.818 0.822 0.825 0.827 0.83 0.833 0.838 0.843 0.849 0.853 0.856 0.858 0.86

Wigan 0.691 0.697 0.703 0.71 0.716 0.72 0.723 0.727 0.731 0.737 0.742 0.747 0.75 0.753 0.755 0.757 0.76 0.762 0.764 0.766 0.769 0.774 0.78 0.786 0.79 0.793 0.796 0.798

Wirral 0.695 0.701 0.708 0.714 0.721 0.725 0.728 0.732 0.737 0.743 0.749 0.753 0.757 0.761 0.763 0.766 0.768 0.77 0.773 0.775 0.777 0.781 0.786 0.792 0.796 0.799 0.801 0.803

South East England 0.749 0.755 0.761 0.767 0.773 0.777 0.781 0.784 0.789 0.795 0.801 0.806 0.809 0.812 0.815 0.818 0.821 0.823 0.826 0.828 0.831 0.836 0.841 0.846 0.85 0.852 0.855 0.856

Bracknell Forest 0.759 0.764 0.77 0.776 0.781 0.785 0.788 0.791 0.797 0.804 0.811 0.817 0.822 0.825 0.829 0.832 0.835 0.838 0.841 0.843 0.845 0.849 0.854 0.859 0.862 0.865 0.867 0.869

Brighton and Hove 0.766 0.772 0.779 0.785 0.791 0.796 0.801 0.806 0.811 0.816 0.822 0.827 0.833 0.838 0.843 0.847 0.851 0.855 0.859 0.863 0.865 0.868 0.872 0.876 0.879 0.881 0.883 0.885

Buckinghamshire 0.764 0.769 0.775 0.782 0.788 0.792 0.795 0.799 0.804 0.81 0.815 0.82 0.824 0.826 0.829 0.832 0.834 0.836 0.838 0.84 0.842 0.846 0.851 0.855 0.859 0.861 0.863 0.865

East Sussex 0.712 0.718 0.724 0.73 0.736 0.74 0.742 0.745 0.749 0.754 0.759 0.763 0.766 0.769 0.771 0.773 0.776 0.778 0.781 0.783 0.787 0.791 0.797 0.803 0.807 0.81 0.812 0.814

Hampshire 0.744 0.75 0.756 0.762 0.768 0.772 0.775 0.778 0.782 0.788 0.793 0.798 0.802 0.804 0.807 0.81 0.812 0.815 0.818 0.82 0.824 0.828 0.834 0.839 0.843 0.846 0.848 0.85

Isle of Wight 0.704 0.709 0.715 0.722 0.727 0.732 0.735 0.739 0.744 0.749 0.756 0.761 0.765 0.767 0.768 0.771 0.773 0.776 0.779 0.781 0.784 0.788 0.794 0.801 0.806 0.809 0.812 0.814

Kent 0.723 0.728 0.734 0.74 0.746 0.75 0.752 0.756 0.76 0.765 0.77 0.774 0.777 0.779 0.782 0.785 0.787 0.79 0.793 0.796 0.8 0.805 0.811 0.817 0.822 0.824 0.826 0.828

Medway 0.703 0.709 0.715 0.722 0.728 0.731 0.734 0.737 0.742 0.747 0.752 0.756 0.76 0.762 0.765 0.768 0.771 0.773 0.776 0.778 0.781 0.785 0.791 0.797 0.802 0.805 0.807 0.809

Milton Keynes 0.754 0.76 0.767 0.774 0.78 0.784 0.786 0.789 0.793 0.798 0.802 0.806 0.81 0.812 0.815 0.817 0.819 0.821 0.823 0.825 0.829 0.834 0.84 0.847 0.852 0.856 0.859 0.86

Oxfordshire 0.769 0.775 0.781 0.788 0.794 0.798 0.801 0.805 0.81 0.816 0.822 0.827 0.831 0.835 0.838 0.841 0.844 0.847 0.849 0.852 0.855 0.859 0.864 0.869 0.872 0.875 0.878 0.879

Portsmouth 0.75 0.756 0.763 0.77 0.776 0.781 0.785 0.79 0.795 0.8 0.805 0.81 0.815 0.818 0.822 0.824 0.827 0.829 0.832 0.835 0.838 0.842 0.846 0.851 0.854 0.857 0.858 0.86

Reading 0.785 0.791 0.797 0.803 0.809 0.813 0.817 0.821 0.827 0.834 0.84 0.847 0.852 0.856 0.86 0.864 0.866 0.868 0.87 0.872 0.874 0.877 0.882 0.887 0.89 0.892 0.894 0.895

Slough 0.764 0.77 0.777 0.784 0.79 0.793 0.796 0.799 0.802 0.806 0.81 0.813 0.815 0.816 0.817 0.818 0.819 0.82 0.822 0.825 0.829 0.834 0.841 0.848 0.852 0.855 0.858 0.859

Southampton 0.752 0.758 0.765 0.772 0.779 0.784 0.789 0.794 0.8 0.805 0.81 0.815 0.819 0.823 0.826 0.829 0.831 0.834 0.836 0.837 0.839 0.842 0.845 0.849 0.852 0.855 0.856 0.858

Surrey 0.773 0.779 0.785 0.791 0.797 0.801 0.805 0.809 0.814 0.821 0.827 0.833 0.838 0.841 0.845 0.847 0.85 0.853 0.856 0.858 0.861 0.864 0.868 0.873 0.876 0.879 0.881 0.883

West Berkshire 0.774 0.78 0.786 0.793 0.799 0.803 0.805 0.808 0.813 0.819 0.824 0.829 0.832 0.835 0.836 0.836 0.837 0.838 0.84 0.842 0.846 0.851 0.857 0.863 0.867 0.869 0.871 0.872

West Sussex 0.74 0.745 0.751 0.757 0.763 0.767 0.77 0.773 0.777 0.783 0.788 0.793 0.796 0.799 0.802 0.804 0.807 0.809 0.812 0.814 0.818 0.822 0.827 0.833 0.837 0.84 0.842 0.843

Windsor and Maidenhead 0.778 0.783 0.789 0.795 0.8 0.805 0.808 0.811 0.816 0.823 0.829 0.835 0.839 0.843 0.847 0.851 0.854 0.857 0.86 0.863 0.866 0.87 0.874 0.88 0.883 0.885 0.887 0.889

Wokingham 0.778 0.784 0.79 0.797 0.802 0.806 0.81 0.814 0.82 0.826 0.832 0.837 0.842 0.845 0.849 0.853 0.856 0.858 0.861 0.863 0.865 0.868 0.871 0.876 0.879 0.882 0.883 0.885

South West England 0.729 0.735 0.741 0.748 0.754 0.758 0.762 0.766 0.771 0.777 0.783 0.788 0.792 0.796 0.799 0.802 0.805 0.807 0.81 0.813 0.816 0.82 0.825 0.831 0.835 0.838 0.84 0.841

Bath and North East Somerset 0.752 0.758 0.764 0.77 0.777 0.782 0.786 0.79 0.796 0.803 0.809 0.816 0.822 0.828 0.833 0.838 0.842 0.846 0.85 0.853 0.856 0.859 0.863 0.867 0.869 0.872 0.874 0.875

Bournemouth 0.736 0.743 0.75 0.757 0.763 0.768 0.773 0.778 0.784 0.79 0.797 0.803 0.808 0.812 0.816 0.821 0.824 0.828 0.831 0.834 0.836 0.839 0.843 0.848 0.851 0.853 0.856 0.858

Bristol, City of 0.763 0.77 0.777 0.784 0.791 0.796 0.8 0.805 0.81 0.817 0.823 0.828 0.833 0.836 0.839 0.843 0.846 0.849 0.853 0.856 0.859 0.863 0.868 0.873 0.877 0.88 0.882 0.884

Cornwall 0.7 0.706 0.713 0.721 0.727 0.731 0.734 0.738 0.743 0.749 0.755 0.76 0.764 0.768 0.771 0.774 0.777 0.78 0.783 0.786 0.789 0.793 0.799 0.806 0.81 0.813 0.815 0.817

Devon 0.72 0.726 0.733 0.74 0.746 0.75 0.753 0.757 0.762 0.769 0.775 0.78 0.785 0.789 0.793 0.796 0.8 0.803 0.806 0.808 0.811 0.816 0.821 0.826 0.83 0.833 0.835 0.837

Dorset 0.716 0.721 0.727 0.734 0.74 0.744 0.747 0.751 0.756 0.762 0.769 0.773 0.777 0.779 0.781 0.783 0.786 0.788 0.791 0.793 0.797 0.802 0.808 0.814 0.818 0.821 0.823 0.825

Gloucestershire 0.735 0.741 0.747 0.754 0.76 0.765 0.768 0.772 0.777 0.783 0.79 0.795 0.8 0.804 0.808 0.811 0.813 0.816 0.818 0.82 0.824 0.828 0.833 0.839 0.843 0.846 0.848 0.85

North Somerset 0.714 0.72 0.727 0.733 0.739 0.743 0.746 0.75 0.755 0.76 0.766 0.771 0.776 0.78 0.783 0.786 0.789 0.792 0.795 0.798 0.801 0.806 0.813 0.819 0.824 0.827 0.83 0.832

Plymouth 0.724 0.73 0.737 0.744 0.75 0.754 0.758 0.762 0.767 0.772 0.778 0.783 0.787 0.79 0.793 0.796 0.799 0.802 0.805 0.807 0.81 0.814 0.819 0.825 0.829 0.832 0.834 0.836

Poole 0.727 0.733 0.74 0.746 0.753 0.758 0.761 0.765 0.771 0.777 0.783 0.789 0.793 0.796 0.798 0.801 0.804 0.806 0.809 0.811 0.814 0.818 0.824 0.83 0.835 0.838 0.84 0.842

Somerset 0.713 0.718 0.724 0.731 0.737 0.741 0.744 0.748 0.752 0.757 0.763 0.767 0.77 0.772 0.775 0.777 0.78 0.782 0.785 0.787 0.789 0.794 0.799 0.805 0.809 0.812 0.814 0.816

South Gloucestershire 0.747 0.752 0.758 0.765 0.771 0.775 0.779 0.783 0.789 0.796 0.802 0.808 0.813 0.817 0.821 0.824 0.827 0.831 0.834 0.837 0.84 0.844 0.849 0.855 0.859 0.862 0.865 0.867

Swindon 0.747 0.753 0.76 0.767 0.773 0.776 0.778 0.781 0.786 0.792 0.797 0.801 0.805 0.806 0.807 0.809 0.811 0.813 0.815 0.818 0.82 0.825 0.831 0.837 0.841 0.844 0.846 0.847

Torbay 0.699 0.705 0.711 0.717 0.723 0.727 0.73 0.733 0.736 0.741 0.745 0.749 0.75 0.751 0.753 0.755 0.757 0.759 0.761 0.762 0.764 0.767 0.773 0.779 0.783 0.786 0.789 0.79

Wiltshire 0.726 0.731 0.737 0.743 0.749 0.753 0.756 0.759 0.763 0.769 0.775 0.78 0.784 0.786 0.789 0.791 0.793 0.795 0.797 0.799 0.803 0.808 0.813 0.819 0.823 0.826 0.828 0.829

West Midlands 0.707 0.713 0.72 0.727 0.734 0.739 0.743 0.747 0.752 0.759 0.765 0.771 0.776 0.779 0.783 0.786 0.789 0.792 0.795 0.798 0.802 0.806 0.812 0.818 0.822 0.825 0.828 0.829

Birmingham 0.707 0.714 0.721 0.728 0.735 0.739 0.743 0.747 0.753 0.76 0.766 0.773 0.778 0.782 0.787 0.791 0.794 0.798 0.803 0.807 0.811 0.817 0.823 0.829 0.834 0.837 0.839 0.84

Coventry 0.722 0.729 0.737 0.745 0.751 0.757 0.762 0.766 0.772 0.779 0.785 0.791 0.796 0.8 0.803 0.807 0.81 0.812 0.815 0.818 0.821 0.825 0.831 0.837 0.841 0.844 0.847 0.848

Dudley 0.692 0.698 0.704 0.71 0.716 0.721 0.724 0.728 0.733 0.739 0.746 0.751 0.756 0.759 0.762 0.765 0.767 0.77 0.772 0.774 0.776 0.779 0.784 0.789 0.793 0.795 0.797 0.799

Herefordshire, County of 0.706 0.712 0.719 0.726 0.733 0.738 0.742 0.747 0.752 0.759 0.766 0.771 0.776 0.779 0.783 0.786 0.789 0.792 0.795 0.798 0.801 0.806 0.812 0.818 0.822 0.825 0.827 0.828

Sandwell 0.682 0.688 0.695 0.702 0.708 0.712 0.715 0.719 0.724 0.729 0.735 0.74 0.744 0.747 0.75 0.752 0.754 0.756 0.759 0.761 0.765 0.769 0.776 0.783 0.788 0.792 0.795 0.797

Shropshire 0.708 0.714 0.721 0.728 0.734 0.739 0.743 0.747 0.752 0.759 0.766 0.771 0.776 0.781 0.785 0.789 0.793 0.795 0.799 0.802 0.806 0.811 0.816 0.821 0.825 0.828 0.83 0.832

Solihull 0.733 0.74 0.747 0.755 0.762 0.767 0.771 0.776 0.783 0.789 0.795 0.801 0.807 0.811 0.815 0.818 0.822 0.825 0.828 0.83 0.832 0.835 0.84 0.845 0.848 0.851 0.853 0.855

Staffordshire 0.708 0.714 0.722 0.729 0.736 0.74 0.744 0.749 0.755 0.761 0.767 0.772 0.777 0.78 0.783 0.787 0.79 0.793 0.796 0.799 0.802 0.806 0.811 0.816 0.819 0.822 0.824 0.826

Stoke-on-Trent 0.689 0.696 0.703 0.71 0.716 0.721 0.724 0.728 0.733 0.738 0.743 0.747 0.75 0.751 0.753 0.754 0.756 0.757 0.76 0.763 0.767 0.772 0.78 0.788 0.794 0.798 0.801 0.804

Telford and Wrekin 0.713 0.719 0.726 0.733 0.74 0.745 0.749 0.754 0.759 0.764 0.769 0.773 0.776 0.777 0.779 0.781 0.783 0.784 0.787 0.789 0.791 0.796 0.802 0.809 0.814 0.817 0.82 0.822

Walsall 0.681 0.686 0.692 0.698 0.704 0.707 0.709 0.712 0.717 0.723 0.729 0.734 0.738 0.74 0.743 0.746 0.749 0.752 0.755 0.757 0.761 0.766 0.772 0.779 0.783 0.787 0.789 0.791

Warwickshire 0.732 0.738 0.746 0.753 0.76 0.765 0.769 0.774 0.779 0.786 0.792 0.798 0.802 0.806 0.809 0.812 0.816 0.819 0.823 0.826 0.83 0.834 0.84 0.845 0.85 0.853 0.855 0.857

Wolverhampton 0.691 0.697 0.704 0.712 0.719 0.723 0.727 0.731 0.737 0.744 0.751 0.757 0.761 0.764 0.768 0.771 0.774 0.776 0.779 0.781 0.784 0.788 0.794 0.8 0.804 0.807 0.809 0.811
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Worcestershire 0.707 0.713 0.72 0.727 0.733 0.738 0.742 0.747 0.754 0.762 0.771 0.778 0.782 0.786 0.791 0.794 0.798 0.8 0.803 0.805 0.808 0.811 0.816 0.822 0.826 0.829 0.831 0.833

Yorkshire and the Humber 0.711 0.717 0.724 0.731 0.737 0.742 0.745 0.75 0.755 0.762 0.768 0.773 0.778 0.781 0.785 0.788 0.791 0.794 0.797 0.8 0.803 0.808 0.813 0.819 0.823 0.826 0.828 0.83

Barnsley 0.675 0.68 0.686 0.692 0.698 0.702 0.705 0.709 0.715 0.721 0.726 0.731 0.735 0.738 0.741 0.743 0.746 0.748 0.75 0.752 0.755 0.759 0.765 0.772 0.778 0.781 0.785 0.787

Bradford 0.693 0.699 0.705 0.712 0.718 0.721 0.723 0.725 0.729 0.736 0.741 0.747 0.751 0.753 0.756 0.759 0.762 0.765 0.768 0.771 0.775 0.78 0.787 0.794 0.799 0.803 0.805 0.807

Calderdale 0.708 0.714 0.721 0.729 0.735 0.739 0.743 0.746 0.751 0.758 0.763 0.768 0.771 0.774 0.777 0.78 0.783 0.785 0.788 0.791 0.795 0.8 0.807 0.814 0.819 0.823 0.825 0.827

Doncaster 0.674 0.679 0.685 0.692 0.697 0.701 0.704 0.707 0.712 0.718 0.724 0.729 0.733 0.736 0.74 0.743 0.746 0.749 0.752 0.755 0.759 0.764 0.771 0.778 0.783 0.786 0.789 0.791

East Riding of Yorkshire 0.714 0.72 0.727 0.734 0.741 0.745 0.749 0.753 0.758 0.764 0.769 0.774 0.778 0.781 0.784 0.787 0.79 0.792 0.794 0.797 0.799 0.802 0.807 0.812 0.815 0.818 0.82 0.822

Kingston upon Hull, City of 0.689 0.695 0.702 0.71 0.717 0.722 0.726 0.73 0.736 0.742 0.749 0.755 0.76 0.763 0.767 0.77 0.773 0.776 0.779 0.782 0.785 0.789 0.795 0.801 0.806 0.809 0.811 0.813

Kirklees 0.703 0.709 0.716 0.723 0.73 0.734 0.737 0.741 0.746 0.752 0.758 0.763 0.767 0.77 0.773 0.776 0.779 0.781 0.783 0.785 0.788 0.793 0.798 0.805 0.809 0.812 0.814 0.816

Leeds 0.739 0.746 0.753 0.761 0.768 0.773 0.778 0.783 0.789 0.797 0.803 0.81 0.816 0.82 0.825 0.83 0.834 0.837 0.841 0.843 0.846 0.849 0.854 0.858 0.862 0.864 0.867 0.868

North East Lincolnshire 0.698 0.705 0.712 0.72 0.727 0.731 0.733 0.737 0.741 0.745 0.749 0.753 0.755 0.757 0.758 0.761 0.763 0.767 0.77 0.775 0.779 0.784 0.79 0.796 0.799 0.802 0.803 0.804

North Lincolnshire 0.702 0.707 0.714 0.72 0.727 0.731 0.734 0.737 0.742 0.748 0.752 0.757 0.76 0.762 0.764 0.766 0.768 0.77 0.773 0.776 0.78 0.785 0.792 0.799 0.803 0.807 0.809 0.811

North Yorkshire 0.724 0.73 0.737 0.743 0.75 0.754 0.758 0.762 0.767 0.774 0.78 0.785 0.79 0.794 0.798 0.801 0.803 0.806 0.808 0.81 0.813 0.817 0.822 0.827 0.831 0.834 0.836 0.839

Rotherham 0.681 0.687 0.693 0.7 0.707 0.711 0.714 0.717 0.722 0.728 0.734 0.739 0.744 0.747 0.75 0.753 0.756 0.759 0.761 0.763 0.766 0.77 0.776 0.782 0.787 0.791 0.794 0.796

Sheffield 0.727 0.733 0.74 0.747 0.753 0.758 0.762 0.767 0.773 0.78 0.786 0.792 0.798 0.803 0.807 0.811 0.815 0.819 0.823 0.826 0.83 0.834 0.839 0.843 0.847 0.849 0.852 0.853

Wakefield 0.692 0.698 0.705 0.712 0.718 0.722 0.726 0.729 0.734 0.741 0.747 0.752 0.755 0.758 0.76 0.763 0.765 0.766 0.768 0.769 0.772 0.777 0.784 0.791 0.797 0.801 0.804 0.806

York 0.762 0.769 0.776 0.783 0.789 0.795 0.799 0.804 0.81 0.816 0.822 0.829 0.834 0.839 0.844 0.848 0.851 0.854 0.857 0.859 0.862 0.865 0.868 0.872 0.874 0.876 0.878 0.879

Northern Ireland 0.71 0.718 0.726 0.735 0.742 0.747 0.751 0.755 0.761 0.767 0.774 0.78 0.786 0.79 0.795 0.798 0.801 0.805 0.808 0.812 0.815 0.818 0.822 0.825 0.828 0.831 0.833 0.835

Scotland 0.672 0.678 0.686 0.693 0.701 0.706 0.711 0.716 0.722 0.73 0.737 0.743 0.748 0.752 0.757 0.761 0.764 0.768 0.772 0.777 0.781 0.785 0.789 0.793 0.797 0.8 0.803 0.805

Wales 0.642 0.65 0.659 0.668 0.676 0.683 0.688 0.694 0.702 0.711 0.719 0.727 0.734 0.739 0.745 0.75 0.755 0.76 0.765 0.77 0.774 0.78 0.786 0.792 0.797 0.8 0.803 0.806

Latin America and Caribbean 0.497 0.502 0.508 0.514 0.521 0.527 0.534 0.54 0.546 0.552 0.557 0.563 0.567 0.571 0.576 0.581 0.587 0.592 0.598 0.603 0.608 0.613 0.618 0.624 0.628 0.633 0.637 0.64

Andean Latin America 0.483 0.486 0.49 0.495 0.501 0.507 0.512 0.518 0.526 0.533 0.539 0.546 0.552 0.558 0.563 0.567 0.572 0.577 0.581 0.585 0.59 0.595 0.601 0.606 0.612 0.618 0.624 0.628

Bolivia 0.403 0.408 0.416 0.424 0.431 0.438 0.447 0.456 0.466 0.475 0.485 0.494 0.504 0.513 0.52 0.526 0.532 0.536 0.539 0.543 0.547 0.551 0.555 0.559 0.565 0.573 0.581 0.587

Ecuador 0.506 0.51 0.515 0.52 0.524 0.524 0.522 0.521 0.526 0.532 0.539 0.548 0.557 0.564 0.57 0.575 0.581 0.585 0.588 0.59 0.594 0.603 0.611 0.618 0.623 0.628 0.632 0.636

Peru 0.493 0.495 0.497 0.501 0.509 0.517 0.526 0.534 0.542 0.549 0.555 0.56 0.564 0.568 0.571 0.575 0.578 0.584 0.59 0.594 0.6 0.604 0.608 0.614 0.62 0.626 0.632 0.636

Caribbean 0.531 0.536 0.539 0.543 0.546 0.549 0.552 0.555 0.559 0.563 0.568 0.573 0.578 0.583 0.589 0.596 0.602 0.607 0.61 0.613 0.617 0.621 0.624 0.626 0.628 0.631 0.635 0.638

Antigua and Barbuda 0.61 0.616 0.622 0.627 0.631 0.633 0.636 0.64 0.644 0.649 0.653 0.657 0.661 0.666 0.67 0.675 0.68 0.685 0.69 0.694 0.696 0.698 0.7 0.703 0.706 0.709 0.712 0.715

The Bahamas 0.674 0.669 0.665 0.667 0.671 0.676 0.681 0.687 0.695 0.703 0.71 0.715 0.718 0.721 0.723 0.727 0.732 0.737 0.742 0.746 0.751 0.753 0.755 0.755 0.755 0.755 0.755 0.756

Barbados 0.65 0.655 0.661 0.667 0.672 0.675 0.678 0.68 0.682 0.683 0.686 0.689 0.693 0.698 0.703 0.707 0.71 0.713 0.717 0.72 0.723 0.726 0.729 0.732 0.734 0.736 0.738 0.739

Belize 0.402 0.414 0.429 0.445 0.458 0.471 0.482 0.49 0.496 0.501 0.506 0.511 0.518 0.525 0.533 0.541 0.549 0.557 0.563 0.569 0.576 0.581 0.586 0.59 0.594 0.598 0.6 0.602

Bermuda 0.73 0.732 0.734 0.737 0.738 0.74 0.741 0.743 0.746 0.749 0.752 0.754 0.757 0.761 0.765 0.769 0.773 0.777 0.782 0.786 0.79 0.794 0.797 0.8 0.803 0.804 0.805 0.805

Cuba 0.592 0.6 0.604 0.605 0.604 0.603 0.601 0.6 0.601 0.604 0.607 0.611 0.617 0.623 0.629 0.636 0.644 0.646 0.647 0.649 0.652 0.656 0.663 0.668 0.671 0.676 0.683 0.688

Dominica 0.534 0.535 0.539 0.546 0.555 0.563 0.57 0.577 0.584 0.592 0.599 0.606 0.614 0.621 0.63 0.636 0.641 0.645 0.65 0.656 0.662 0.668 0.673 0.677 0.68 0.682 0.684 0.687

Dominican Republic 0.442 0.443 0.445 0.449 0.454 0.459 0.464 0.469 0.475 0.48 0.484 0.49 0.495 0.499 0.511 0.525 0.536 0.547 0.555 0.562 0.568 0.572 0.575 0.576 0.578 0.583 0.589 0.593

Grenada 0.46 0.472 0.485 0.497 0.508 0.519 0.529 0.54 0.55 0.558 0.566 0.573 0.578 0.584 0.589 0.594 0.599 0.604 0.608 0.612 0.615 0.618 0.62 0.624 0.628 0.632 0.637 0.64

Guyana 0.442 0.446 0.45 0.454 0.458 0.465 0.472 0.481 0.489 0.497 0.503 0.51 0.516 0.521 0.526 0.53 0.533 0.537 0.542 0.547 0.552 0.557 0.563 0.568 0.573 0.576 0.58 0.584

Haiti 0.328 0.332 0.336 0.339 0.342 0.345 0.35 0.355 0.361 0.367 0.373 0.379 0.384 0.389 0.393 0.397 0.401 0.405 0.409 0.413 0.416 0.42 0.423 0.427 0.431 0.435 0.439 0.442

Jamaica 0.547 0.553 0.56 0.565 0.571 0.578 0.585 0.591 0.596 0.6 0.607 0.615 0.621 0.626 0.63 0.635 0.639 0.644 0.649 0.653 0.658 0.663 0.667 0.671 0.673 0.676 0.677 0.679

Puerto Rico 0.684 0.689 0.693 0.698 0.703 0.708 0.714 0.719 0.724 0.729 0.736 0.745 0.752 0.756 0.759 0.762 0.766 0.77 0.774 0.778 0.782 0.786 0.791 0.797 0.805 0.811 0.813 0.813

Saint Lucia 0.509 0.516 0.524 0.532 0.54 0.549 0.558 0.566 0.573 0.58 0.585 0.589 0.593 0.598 0.603 0.606 0.609 0.613 0.618 0.623 0.628 0.633 0.636 0.64 0.643 0.646 0.65 0.653

Saint Vincent and the Grenadines 0.465 0.472 0.479 0.486 0.492 0.499 0.506 0.512 0.518 0.524 0.53 0.537 0.543 0.549 0.553 0.557 0.561 0.566 0.571 0.575 0.579 0.584 0.588 0.593 0.597 0.601 0.605 0.608

Suriname 0.529 0.534 0.538 0.541 0.543 0.543 0.544 0.547 0.551 0.555 0.56 0.568 0.576 0.585 0.592 0.597 0.601 0.604 0.608 0.612 0.616 0.62 0.625 0.628 0.632 0.636 0.639 0.641

Trinidad and Tobago 0.601 0.604 0.608 0.611 0.615 0.619 0.624 0.629 0.634 0.64 0.646 0.652 0.657 0.663 0.669 0.675 0.68 0.685 0.689 0.691 0.693 0.694 0.695 0.696 0.697 0.698 0.698 0.698

Virgin Islands 0.673 0.683 0.691 0.699 0.706 0.713 0.719 0.725 0.73 0.734 0.737 0.74 0.748 0.755 0.762 0.768 0.774 0.78 0.786 0.79 0.795 0.799 0.802 0.804 0.805 0.806 0.806 0.807

Central Latin America 0.492 0.496 0.501 0.507 0.515 0.521 0.528 0.534 0.54 0.545 0.551 0.557 0.561 0.564 0.567 0.571 0.577 0.583 0.588 0.593 0.597 0.601 0.606 0.61 0.614 0.617 0.621 0.623

Colombia 0.482 0.483 0.485 0.49 0.496 0.503 0.511 0.518 0.524 0.528 0.533 0.537 0.541 0.544 0.548 0.553 0.558 0.565 0.573 0.581 0.588 0.596 0.604 0.611 0.617 0.624 0.629 0.634

Costa Rica 0.524 0.53 0.536 0.54 0.545 0.55 0.555 0.56 0.566 0.573 0.581 0.589 0.594 0.598 0.603 0.607 0.609 0.612 0.616 0.623 0.629 0.634 0.64 0.645 0.649 0.654 0.658 0.662

El Salvador 0.406 0.409 0.413 0.418 0.424 0.431 0.44 0.449 0.459 0.47 0.481 0.491 0.5 0.508 0.515 0.523 0.531 0.539 0.545 0.55 0.556 0.561 0.567 0.573 0.578 0.584 0.589 0.593

Guatemala 0.313 0.318 0.326 0.338 0.353 0.363 0.371 0.381 0.397 0.411 0.42 0.427 0.433 0.44 0.449 0.458 0.465 0.47 0.476 0.482 0.489 0.496 0.501 0.507 0.513 0.517 0.521 0.524

Honduras 0.34 0.344 0.347 0.352 0.358 0.365 0.372 0.381 0.39 0.4 0.41 0.419 0.428 0.437 0.445 0.452 0.459 0.465 0.47 0.475 0.481 0.486 0.49 0.495 0.499 0.504 0.508 0.512

Mexico 0.513 0.517 0.521 0.529 0.537 0.543 0.549 0.555 0.561 0.566 0.572 0.577 0.581 0.586 0.59 0.595 0.598 0.602 0.606 0.608 0.611 0.613 0.616 0.619 0.622 0.624 0.626 0.628

Aguascalientes 0.558 0.561 0.565 0.571 0.577 0.583 0.591 0.597 0.603 0.606 0.609 0.612 0.615 0.621 0.626 0.632 0.636 0.64 0.643 0.644 0.645 0.647 0.649 0.651 0.653 0.655 0.657 0.659

Baja California 0.57 0.572 0.575 0.579 0.582 0.585 0.589 0.594 0.599 0.604 0.608 0.611 0.615 0.618 0.622 0.626 0.63 0.634 0.639 0.642 0.644 0.646 0.649 0.651 0.653 0.654 0.656 0.657
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Baja California Sur 0.569 0.573 0.577 0.582 0.586 0.589 0.593 0.598 0.602 0.605 0.609 0.612 0.614 0.617 0.621 0.624 0.628 0.633 0.637 0.641 0.644 0.647 0.649 0.652 0.654 0.656 0.657 0.659

Campeche 0.485 0.49 0.496 0.504 0.511 0.517 0.525 0.534 0.543 0.551 0.558 0.564 0.569 0.573 0.577 0.581 0.585 0.589 0.593 0.595 0.597 0.599 0.602 0.605 0.608 0.611 0.614 0.616

Chiapas 0.403 0.407 0.413 0.422 0.43 0.436 0.444 0.452 0.459 0.465 0.47 0.475 0.48 0.484 0.489 0.494 0.498 0.503 0.508 0.512 0.514 0.517 0.52 0.522 0.525 0.528 0.531 0.533

Chihuahua 0.546 0.549 0.552 0.555 0.558 0.559 0.562 0.566 0.57 0.574 0.577 0.581 0.585 0.589 0.594 0.599 0.604 0.61 0.615 0.619 0.622 0.625 0.628 0.63 0.633 0.635 0.637 0.639

Coahuila 0.549 0.555 0.561 0.567 0.573 0.576 0.581 0.587 0.592 0.597 0.601 0.604 0.607 0.611 0.616 0.62 0.624 0.628 0.631 0.633 0.634 0.635 0.637 0.638 0.64 0.642 0.644 0.645

Colima 0.538 0.543 0.549 0.556 0.561 0.565 0.571 0.577 0.583 0.588 0.594 0.598 0.603 0.607 0.611 0.616 0.621 0.626 0.631 0.634 0.637 0.64 0.643 0.645 0.648 0.65 0.652 0.654

Mexico City 0.602 0.606 0.61 0.617 0.629 0.64 0.65 0.656 0.661 0.666 0.671 0.676 0.681 0.685 0.689 0.693 0.696 0.698 0.7 0.701 0.702 0.704 0.706 0.708 0.71 0.712 0.714 0.716

Durango 0.506 0.508 0.511 0.516 0.52 0.523 0.528 0.535 0.542 0.55 0.556 0.562 0.568 0.574 0.581 0.586 0.592 0.597 0.602 0.605 0.607 0.609 0.612 0.614 0.617 0.619 0.622 0.624

Guanajuato 0.494 0.499 0.504 0.511 0.519 0.527 0.534 0.541 0.546 0.551 0.558 0.565 0.571 0.575 0.579 0.583 0.587 0.591 0.595 0.598 0.601 0.604 0.607 0.611 0.614 0.616 0.619 0.621

Guerrero 0.426 0.429 0.433 0.44 0.445 0.45 0.456 0.465 0.473 0.48 0.487 0.492 0.498 0.505 0.511 0.517 0.523 0.529 0.535 0.539 0.542 0.545 0.548 0.552 0.555 0.558 0.56 0.562

Hidalgo 0.417 0.424 0.433 0.444 0.454 0.462 0.471 0.481 0.491 0.501 0.511 0.52 0.527 0.531 0.535 0.538 0.543 0.548 0.554 0.558 0.562 0.567 0.572 0.576 0.58 0.583 0.585 0.587

Jalisco 0.532 0.538 0.545 0.552 0.558 0.563 0.569 0.576 0.582 0.588 0.593 0.598 0.602 0.606 0.611 0.615 0.619 0.624 0.628 0.63 0.632 0.635 0.637 0.64 0.642 0.645 0.647 0.649

México 0.529 0.524 0.525 0.539 0.558 0.568 0.574 0.577 0.58 0.585 0.59 0.596 0.6 0.603 0.607 0.611 0.613 0.614 0.614 0.614 0.615 0.617 0.621 0.625 0.628 0.631 0.633 0.635

Michoacán de Ocampo 0.464 0.47 0.476 0.483 0.489 0.494 0.501 0.508 0.515 0.522 0.527 0.532 0.537 0.542 0.546 0.551 0.555 0.559 0.563 0.566 0.568 0.571 0.573 0.576 0.579 0.581 0.584 0.586

Morelos 0.525 0.532 0.539 0.547 0.553 0.558 0.564 0.571 0.577 0.582 0.587 0.591 0.595 0.598 0.601 0.605 0.608 0.612 0.615 0.617 0.619 0.622 0.624 0.627 0.629 0.631 0.634 0.635

Nayarit 0.495 0.5 0.506 0.512 0.518 0.523 0.529 0.537 0.545 0.553 0.56 0.566 0.571 0.576 0.581 0.585 0.59 0.594 0.598 0.6 0.602 0.604 0.607 0.61 0.613 0.615 0.618 0.62

Nuevo León 0.598 0.602 0.606 0.611 0.615 0.617 0.62 0.625 0.63 0.635 0.64 0.644 0.647 0.65 0.653 0.656 0.659 0.662 0.665 0.666 0.667 0.669 0.67 0.672 0.673 0.675 0.676 0.677

Oaxaca 0.431 0.435 0.441 0.447 0.452 0.455 0.459 0.466 0.473 0.479 0.485 0.49 0.496 0.501 0.507 0.512 0.517 0.523 0.529 0.533 0.537 0.541 0.545 0.549 0.552 0.555 0.558 0.561

Puebla 0.456 0.463 0.47 0.478 0.487 0.493 0.496 0.497 0.498 0.499 0.504 0.509 0.516 0.524 0.532 0.538 0.544 0.549 0.554 0.558 0.563 0.567 0.571 0.575 0.577 0.58 0.582 0.584

Querétaro 0.497 0.502 0.508 0.518 0.53 0.543 0.556 0.566 0.575 0.583 0.591 0.597 0.602 0.606 0.609 0.612 0.616 0.619 0.623 0.624 0.626 0.629 0.631 0.633 0.635 0.636 0.638 0.639

Quintana Roo 0.52 0.526 0.533 0.541 0.548 0.555 0.562 0.57 0.577 0.582 0.587 0.591 0.594 0.596 0.599 0.601 0.605 0.608 0.612 0.614 0.616 0.618 0.62 0.621 0.623 0.624 0.625 0.626

San Luis Potosí 0.482 0.486 0.492 0.5 0.508 0.514 0.522 0.53 0.538 0.545 0.551 0.556 0.561 0.566 0.571 0.575 0.58 0.586 0.591 0.595 0.599 0.602 0.606 0.61 0.613 0.616 0.619 0.621

Sinaloa 0.523 0.528 0.533 0.539 0.544 0.549 0.555 0.562 0.57 0.577 0.583 0.589 0.594 0.599 0.604 0.609 0.614 0.619 0.623 0.627 0.63 0.633 0.636 0.639 0.642 0.644 0.646 0.649

Sonora 0.553 0.557 0.562 0.566 0.57 0.573 0.578 0.583 0.588 0.593 0.597 0.601 0.605 0.608 0.612 0.616 0.621 0.625 0.629 0.632 0.635 0.637 0.64 0.643 0.645 0.647 0.649 0.65

Tabasco 0.474 0.479 0.486 0.493 0.5 0.507 0.515 0.524 0.533 0.541 0.548 0.553 0.558 0.563 0.568 0.573 0.578 0.583 0.588 0.591 0.594 0.596 0.599 0.602 0.604 0.607 0.609 0.611

Tamaulipas 0.548 0.553 0.558 0.564 0.568 0.571 0.574 0.579 0.586 0.592 0.598 0.602 0.606 0.609 0.613 0.616 0.62 0.624 0.628 0.63 0.633 0.635 0.637 0.64 0.642 0.643 0.645 0.647

Tlaxcala 0.478 0.482 0.487 0.495 0.506 0.515 0.524 0.531 0.536 0.541 0.545 0.55 0.556 0.561 0.567 0.573 0.578 0.583 0.587 0.59 0.591 0.594 0.596 0.598 0.6 0.601 0.603 0.604

Veracruz de Ignacio de la Llave 0.461 0.463 0.467 0.472 0.477 0.48 0.485 0.492 0.5 0.509 0.517 0.523 0.529 0.534 0.54 0.546 0.551 0.557 0.563 0.567 0.571 0.574 0.578 0.581 0.584 0.587 0.59 0.592

Yucatán 0.497 0.502 0.508 0.516 0.524 0.531 0.54 0.548 0.556 0.562 0.569 0.575 0.581 0.587 0.592 0.596 0.599 0.602 0.605 0.608 0.61 0.613 0.617 0.62 0.623 0.626 0.628 0.63

Zacatecas 0.483 0.489 0.495 0.502 0.509 0.514 0.52 0.527 0.534 0.54 0.546 0.551 0.555 0.56 0.564 0.568 0.572 0.577 0.581 0.584 0.586 0.589 0.592 0.595 0.598 0.602 0.605 0.608

Nicaragua 0.357 0.363 0.368 0.374 0.381 0.389 0.397 0.406 0.415 0.424 0.432 0.439 0.446 0.453 0.46 0.466 0.47 0.475 0.481 0.486 0.492 0.499 0.504 0.509 0.514 0.52 0.525 0.53

Panama 0.542 0.546 0.55 0.555 0.56 0.565 0.569 0.573 0.578 0.583 0.589 0.595 0.6 0.604 0.608 0.611 0.614 0.618 0.622 0.626 0.63 0.635 0.641 0.648 0.656 0.664 0.671 0.677

Venezuela 0.528 0.536 0.553 0.559 0.566 0.578 0.587 0.592 0.591 0.587 0.591 0.602 0.602 0.588 0.576 0.579 0.594 0.61 0.621 0.625 0.629 0.633 0.64 0.646 0.648 0.651 0.654 0.655

Tropical Latin America 0.494 0.5 0.507 0.514 0.521 0.529 0.537 0.544 0.55 0.556 0.561 0.566 0.571 0.577 0.582 0.588 0.594 0.601 0.608 0.614 0.621 0.628 0.635 0.642 0.648 0.654 0.659 0.662

Brazil 0.494 0.501 0.508 0.515 0.522 0.53 0.537 0.545 0.551 0.556 0.562 0.567 0.572 0.577 0.583 0.589 0.595 0.602 0.608 0.615 0.622 0.629 0.636 0.643 0.649 0.655 0.66 0.663

Acre 0.376 0.386 0.395 0.405 0.415 0.424 0.435 0.445 0.453 0.46 0.466 0.472 0.479 0.485 0.492 0.5 0.508 0.517 0.527 0.536 0.546 0.556 0.565 0.575 0.583 0.591 0.597 0.602

Alagoas 0.355 0.363 0.371 0.379 0.387 0.395 0.404 0.412 0.419 0.425 0.431 0.436 0.442 0.448 0.455 0.462 0.47 0.478 0.487 0.496 0.505 0.514 0.523 0.531 0.539 0.546 0.552 0.556

Amapá 0.467 0.475 0.483 0.491 0.5 0.508 0.517 0.526 0.534 0.54 0.546 0.552 0.558 0.564 0.57 0.576 0.583 0.591 0.598 0.605 0.613 0.621 0.629 0.636 0.643 0.65 0.655 0.659

Amazonas 0.438 0.447 0.457 0.466 0.475 0.483 0.492 0.499 0.505 0.51 0.514 0.519 0.523 0.528 0.533 0.539 0.546 0.553 0.561 0.568 0.577 0.585 0.594 0.602 0.611 0.618 0.625 0.629

Bahia 0.402 0.41 0.419 0.427 0.435 0.443 0.451 0.459 0.465 0.47 0.475 0.48 0.485 0.491 0.496 0.503 0.51 0.518 0.526 0.534 0.542 0.551 0.559 0.567 0.575 0.582 0.587 0.591

Ceará 0.411 0.419 0.426 0.433 0.44 0.448 0.455 0.463 0.469 0.475 0.48 0.486 0.492 0.498 0.505 0.512 0.52 0.528 0.536 0.544 0.553 0.561 0.569 0.577 0.584 0.591 0.596 0.6

Distrito Federal 0.63 0.636 0.642 0.649 0.656 0.663 0.671 0.679 0.685 0.691 0.696 0.702 0.707 0.713 0.719 0.725 0.731 0.738 0.744 0.75 0.756 0.763 0.769 0.775 0.78 0.785 0.789 0.792

Espírito Santo 0.499 0.507 0.515 0.524 0.532 0.54 0.549 0.557 0.564 0.57 0.576 0.582 0.588 0.593 0.599 0.606 0.612 0.618 0.625 0.631 0.638 0.644 0.651 0.657 0.663 0.669 0.673 0.677

Goiás 0.46 0.468 0.476 0.484 0.493 0.501 0.51 0.518 0.526 0.532 0.538 0.545 0.551 0.558 0.564 0.571 0.579 0.586 0.594 0.601 0.608 0.616 0.623 0.63 0.636 0.642 0.647 0.65

Maranhão 0.313 0.322 0.33 0.339 0.347 0.355 0.364 0.371 0.377 0.38 0.383 0.386 0.389 0.392 0.396 0.402 0.409 0.418 0.427 0.436 0.446 0.456 0.467 0.477 0.486 0.495 0.502 0.507

Mato Grosso 0.475 0.484 0.492 0.501 0.509 0.518 0.527 0.535 0.543 0.548 0.554 0.559 0.564 0.57 0.576 0.582 0.589 0.596 0.604 0.611 0.618 0.626 0.633 0.641 0.648 0.654 0.659 0.662

Mato Grosso do Sul 0.465 0.473 0.481 0.489 0.497 0.506 0.515 0.523 0.531 0.537 0.543 0.549 0.555 0.56 0.566 0.573 0.58 0.587 0.594 0.6 0.607 0.614 0.622 0.629 0.636 0.642 0.647 0.65

Minas Gerais 0.491 0.498 0.506 0.513 0.521 0.53 0.538 0.545 0.551 0.557 0.562 0.567 0.573 0.579 0.585 0.591 0.598 0.604 0.611 0.618 0.624 0.631 0.637 0.643 0.649 0.654 0.658 0.661

Pará 0.41 0.418 0.425 0.432 0.44 0.447 0.454 0.461 0.466 0.47 0.473 0.476 0.48 0.483 0.488 0.493 0.499 0.506 0.514 0.521 0.529 0.538 0.546 0.554 0.562 0.569 0.575 0.579

Paraíba 0.399 0.406 0.413 0.42 0.427 0.434 0.441 0.447 0.453 0.457 0.461 0.465 0.469 0.474 0.48 0.486 0.493 0.501 0.509 0.517 0.526 0.535 0.543 0.551 0.559 0.565 0.571 0.574

Paraná 0.513 0.519 0.525 0.532 0.539 0.548 0.556 0.564 0.572 0.578 0.585 0.591 0.597 0.603 0.609 0.615 0.622 0.628 0.634 0.64 0.646 0.652 0.658 0.664 0.67 0.675 0.679 0.682

Pernambuco 0.416 0.423 0.43 0.437 0.444 0.451 0.458 0.466 0.472 0.477 0.481 0.486 0.492 0.497 0.503 0.51 0.517 0.525 0.533 0.54 0.548 0.556 0.564 0.572 0.579 0.585 0.59 0.594

Piauí 0.365 0.372 0.379 0.386 0.393 0.4 0.408 0.415 0.42 0.425 0.429 0.434 0.439 0.444 0.45 0.457 0.465 0.473 0.482 0.491 0.5 0.51 0.518 0.527 0.535 0.542 0.548 0.552
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Rio de Janeiro 0.576 0.581 0.585 0.59 0.595 0.601 0.608 0.614 0.619 0.624 0.628 0.632 0.637 0.641 0.645 0.65 0.655 0.66 0.665 0.67 0.675 0.681 0.686 0.692 0.697 0.702 0.706 0.709

Rio Grande do Norte 0.415 0.422 0.429 0.436 0.444 0.451 0.46 0.467 0.474 0.48 0.485 0.491 0.497 0.503 0.509 0.516 0.524 0.532 0.541 0.549 0.558 0.567 0.575 0.583 0.59 0.597 0.602 0.605

Rio Grande do Sul 0.543 0.549 0.555 0.561 0.567 0.574 0.581 0.587 0.593 0.598 0.603 0.608 0.614 0.619 0.624 0.63 0.635 0.641 0.647 0.653 0.659 0.665 0.67 0.676 0.681 0.686 0.69 0.693

Rondônia 0.423 0.433 0.441 0.45 0.458 0.467 0.475 0.484 0.491 0.497 0.502 0.508 0.515 0.521 0.528 0.535 0.543 0.551 0.559 0.567 0.575 0.584 0.592 0.599 0.606 0.613 0.618 0.622

Roraima 0.428 0.438 0.447 0.456 0.465 0.474 0.483 0.492 0.499 0.504 0.509 0.514 0.521 0.527 0.534 0.543 0.552 0.562 0.572 0.581 0.591 0.601 0.611 0.62 0.628 0.636 0.642 0.646

Santa Catarina 0.541 0.548 0.554 0.56 0.567 0.574 0.582 0.589 0.595 0.601 0.606 0.612 0.618 0.623 0.629 0.635 0.641 0.647 0.653 0.659 0.665 0.672 0.678 0.684 0.69 0.695 0.699 0.702

São Paulo 0.558 0.565 0.572 0.579 0.587 0.595 0.603 0.611 0.618 0.624 0.63 0.636 0.641 0.646 0.652 0.657 0.663 0.669 0.674 0.68 0.685 0.691 0.697 0.703 0.708 0.713 0.717 0.72

Sergipe 0.425 0.433 0.441 0.448 0.456 0.464 0.473 0.481 0.488 0.494 0.5 0.506 0.512 0.518 0.524 0.531 0.538 0.546 0.554 0.562 0.57 0.578 0.586 0.594 0.601 0.607 0.612 0.616

Tocantins 0.396 0.404 0.412 0.42 0.428 0.436 0.445 0.453 0.46 0.466 0.471 0.477 0.484 0.491 0.498 0.507 0.517 0.527 0.537 0.547 0.558 0.568 0.577 0.586 0.594 0.601 0.607 0.611

Paraguay 0.467 0.471 0.475 0.48 0.485 0.491 0.497 0.504 0.512 0.519 0.525 0.532 0.538 0.544 0.548 0.553 0.558 0.562 0.566 0.569 0.573 0.577 0.582 0.589 0.598 0.606 0.613 0.619

North Africa and Middle East 0.456 0.464 0.472 0.478 0.485 0.492 0.499 0.506 0.513 0.521 0.531 0.539 0.547 0.553 0.561 0.568 0.574 0.582 0.589 0.596 0.602 0.607 0.612 0.617 0.622 0.628 0.635 0.639

North Africa and Middle East 0.456 0.464 0.472 0.478 0.485 0.492 0.499 0.506 0.513 0.521 0.531 0.539 0.547 0.553 0.561 0.568 0.574 0.582 0.589 0.596 0.602 0.607 0.612 0.617 0.622 0.628 0.635 0.639

Afghanistan 0.149 0.15 0.151 0.152 0.151 0.151 0.152 0.152 0.154 0.155 0.157 0.159 0.164 0.171 0.177 0.184 0.191 0.199 0.208 0.218 0.228 0.238 0.248 0.258 0.267 0.276 0.284 0.29

Algeria 0.495 0.504 0.513 0.522 0.531 0.54 0.549 0.558 0.567 0.574 0.583 0.591 0.599 0.608 0.617 0.625 0.633 0.641 0.648 0.653 0.659 0.665 0.67 0.675 0.68 0.685 0.691 0.696

Bahrain 0.612 0.618 0.624 0.63 0.635 0.639 0.644 0.648 0.653 0.657 0.662 0.668 0.673 0.677 0.68 0.684 0.687 0.69 0.693 0.695 0.696 0.697 0.698 0.7 0.702 0.706 0.709 0.712

Egypt 0.441 0.451 0.461 0.47 0.477 0.485 0.493 0.5 0.507 0.514 0.52 0.526 0.532 0.537 0.542 0.547 0.55 0.553 0.556 0.559 0.563 0.565 0.564 0.566 0.572 0.584 0.596 0.604

Iran 0.503 0.513 0.522 0.532 0.541 0.548 0.553 0.556 0.56 0.572 0.589 0.604 0.616 0.626 0.634 0.641 0.649 0.656 0.662 0.667 0.672 0.677 0.68 0.683 0.687 0.691 0.696 0.7

Iraq 0.433 0.433 0.437 0.441 0.444 0.446 0.45 0.455 0.463 0.473 0.481 0.488 0.494 0.496 0.502 0.507 0.512 0.517 0.522 0.528 0.535 0.542 0.551 0.559 0.566 0.572 0.58 0.585

Jordan 0.552 0.556 0.561 0.566 0.57 0.574 0.578 0.584 0.589 0.594 0.597 0.6 0.603 0.607 0.612 0.616 0.621 0.626 0.633 0.643 0.653 0.662 0.671 0.679 0.685 0.69 0.694 0.697

Kuwait 0.656 0.651 0.642 0.637 0.633 0.632 0.638 0.651 0.665 0.674 0.681 0.683 0.685 0.687 0.693 0.701 0.711 0.721 0.73 0.737 0.743 0.748 0.754 0.762 0.769 0.776 0.781 0.786

Lebanon 0.519 0.528 0.536 0.544 0.552 0.56 0.569 0.578 0.588 0.597 0.604 0.611 0.618 0.626 0.635 0.643 0.65 0.658 0.667 0.676 0.686 0.694 0.702 0.711 0.717 0.722 0.726 0.73

Libya 0.645 0.657 0.669 0.679 0.688 0.696 0.705 0.713 0.72 0.725 0.729 0.732 0.736 0.742 0.747 0.753 0.759 0.765 0.771 0.777 0.783 0.781 0.784 0.783 0.779 0.773 0.766 0.761

Morocco 0.389 0.397 0.404 0.411 0.419 0.426 0.434 0.442 0.449 0.456 0.463 0.47 0.477 0.484 0.49 0.496 0.503 0.51 0.517 0.525 0.532 0.54 0.547 0.554 0.561 0.567 0.574 0.579

Palestine 0.362 0.366 0.371 0.377 0.384 0.39 0.397 0.405 0.413 0.421 0.427 0.431 0.433 0.435 0.439 0.444 0.448 0.453 0.46 0.468 0.479 0.491 0.503 0.513 0.521 0.528 0.536 0.541

Oman 0.473 0.485 0.497 0.509 0.521 0.533 0.546 0.558 0.57 0.582 0.594 0.606 0.618 0.629 0.639 0.649 0.659 0.668 0.678 0.686 0.695 0.703 0.711 0.72 0.727 0.734 0.739 0.744

Qatar 0.603 0.615 0.626 0.637 0.647 0.656 0.665 0.674 0.681 0.688 0.695 0.701 0.706 0.712 0.717 0.721 0.725 0.728 0.731 0.735 0.738 0.743 0.747 0.751 0.755 0.759 0.762 0.766

Saudi Arabia 0.436 0.457 0.477 0.496 0.514 0.53 0.545 0.56 0.573 0.586 0.598 0.61 0.621 0.633 0.645 0.658 0.67 0.682 0.695 0.706 0.716 0.728 0.738 0.748 0.757 0.765 0.773 0.779

Sudan 0.221 0.228 0.236 0.244 0.252 0.26 0.267 0.275 0.283 0.291 0.3 0.308 0.317 0.326 0.336 0.346 0.357 0.367 0.378 0.389 0.401 0.414 0.425 0.437 0.448 0.46 0.47 0.478

Syria 0.389 0.394 0.401 0.409 0.419 0.429 0.439 0.448 0.458 0.466 0.474 0.481 0.489 0.496 0.506 0.518 0.527 0.536 0.545 0.556 0.566 0.576 0.584 0.589 0.595 0.601 0.606 0.611

Tunisia 0.453 0.463 0.473 0.482 0.491 0.501 0.511 0.521 0.532 0.543 0.553 0.563 0.572 0.582 0.592 0.6 0.609 0.617 0.625 0.632 0.639 0.645 0.65 0.656 0.661 0.666 0.671 0.675

Turkey 0.507 0.516 0.524 0.533 0.54 0.548 0.556 0.564 0.572 0.579 0.587 0.594 0.601 0.608 0.616 0.625 0.633 0.643 0.652 0.66 0.669 0.678 0.688 0.697 0.706 0.715 0.723 0.729

United Arab Emirates 0.621 0.637 0.651 0.663 0.675 0.686 0.696 0.707 0.716 0.726 0.734 0.742 0.749 0.755 0.76 0.765 0.77 0.776 0.781 0.784 0.788 0.79 0.791 0.793 0.791 0.794 0.794 0.795

Yemen 0.203 0.208 0.214 0.22 0.228 0.238 0.247 0.256 0.266 0.275 0.284 0.294 0.304 0.313 0.324 0.336 0.349 0.362 0.373 0.382 0.393 0.401 0.408 0.415 0.422 0.426 0.429 0.43

South Asia 0.312 0.317 0.324 0.331 0.338 0.345 0.352 0.358 0.363 0.371 0.38 0.388 0.395 0.403 0.412 0.421 0.43 0.438 0.446 0.455 0.462 0.468 0.476 0.489 0.504 0.517 0.526 0.534

South Asia 0.312 0.317 0.324 0.331 0.338 0.345 0.352 0.358 0.363 0.371 0.38 0.388 0.395 0.403 0.412 0.421 0.43 0.438 0.446 0.455 0.462 0.468 0.476 0.489 0.504 0.517 0.526 0.534

Bangladesh 0.256 0.264 0.272 0.281 0.289 0.298 0.306 0.314 0.322 0.329 0.335 0.34 0.345 0.35 0.356 0.362 0.369 0.377 0.385 0.393 0.401 0.41 0.418 0.427 0.435 0.443 0.451 0.458

Bhutan 0.324 0.333 0.343 0.352 0.362 0.372 0.382 0.392 0.402 0.412 0.422 0.432 0.442 0.452 0.461 0.47 0.479 0.489 0.498 0.507 0.516 0.525 0.534 0.542 0.549 0.557 0.564 0.57

India 0.32 0.324 0.331 0.339 0.346 0.353 0.36 0.365 0.37 0.378 0.387 0.395 0.403 0.412 0.422 0.431 0.44 0.448 0.457 0.465 0.472 0.477 0.485 0.5 0.517 0.532 0.542 0.55

Andhra Pradesh 0.28 0.286 0.294 0.303 0.312 0.322 0.331 0.337 0.344 0.352 0.363 0.374 0.384 0.395 0.406 0.415 0.424 0.434 0.442 0.451 0.459 0.466 0.473 0.487 0.503 0.517 0.528 0.536

Arunachal Pradesh 0.311 0.317 0.323 0.33 0.336 0.345 0.354 0.36 0.366 0.374 0.381 0.388 0.395 0.405 0.416 0.424 0.432 0.44 0.447 0.458 0.467 0.473 0.479 0.498 0.52 0.536 0.548 0.556

Assam 0.327 0.332 0.339 0.345 0.351 0.358 0.363 0.367 0.371 0.379 0.389 0.397 0.406 0.415 0.424 0.431 0.439 0.446 0.453 0.459 0.464 0.467 0.472 0.485 0.5 0.513 0.523 0.53

Bihar 0.29 0.293 0.297 0.298 0.298 0.298 0.298 0.297 0.292 0.291 0.292 0.294 0.296 0.299 0.303 0.308 0.316 0.324 0.334 0.342 0.349 0.355 0.365 0.382 0.4 0.414 0.425 0.433

Chhattisgarh 0.292 0.294 0.298 0.303 0.306 0.311 0.316 0.319 0.322 0.328 0.336 0.344 0.352 0.362 0.372 0.382 0.392 0.403 0.413 0.421 0.427 0.431 0.438 0.455 0.474 0.49 0.503 0.512

Delhi 0.486 0.493 0.504 0.516 0.522 0.526 0.531 0.535 0.537 0.545 0.555 0.565 0.575 0.584 0.593 0.602 0.612 0.62 0.628 0.637 0.644 0.649 0.656 0.67 0.686 0.7 0.709 0.715

Goa 0.499 0.505 0.512 0.519 0.526 0.534 0.542 0.55 0.56 0.571 0.58 0.588 0.597 0.606 0.616 0.626 0.634 0.643 0.655 0.665 0.674 0.683 0.691 0.702 0.714 0.724 0.733 0.74

Gujarat 0.35 0.353 0.361 0.37 0.379 0.388 0.396 0.402 0.409 0.418 0.426 0.433 0.438 0.447 0.457 0.469 0.478 0.487 0.496 0.506 0.515 0.521 0.528 0.541 0.556 0.569 0.577 0.584

Haryana 0.342 0.348 0.356 0.364 0.372 0.38 0.388 0.394 0.398 0.405 0.414 0.423 0.431 0.44 0.451 0.462 0.472 0.481 0.491 0.5 0.508 0.512 0.521 0.54 0.564 0.582 0.593 0.6

Himachal Pradesh 0.34 0.347 0.356 0.366 0.376 0.386 0.397 0.408 0.418 0.431 0.445 0.457 0.468 0.479 0.491 0.502 0.513 0.524 0.534 0.544 0.553 0.562 0.571 0.585 0.601 0.614 0.625 0.633

Jammu and Kashmir 0.334 0.337 0.341 0.349 0.356 0.363 0.37 0.38 0.389 0.402 0.417 0.43 0.442 0.454 0.466 0.476 0.485 0.493 0.503 0.511 0.519 0.527 0.535 0.547 0.562 0.574 0.582 0.59

Jharkhand 0.281 0.283 0.286 0.29 0.293 0.297 0.3 0.304 0.307 0.312 0.319 0.325 0.333 0.342 0.353 0.362 0.371 0.38 0.388 0.397 0.405 0.411 0.419 0.434 0.451 0.466 0.478 0.487

Karnataka 0.323 0.331 0.339 0.349 0.357 0.366 0.375 0.38 0.386 0.396 0.406 0.415 0.424 0.434 0.444 0.454 0.463 0.472 0.481 0.49 0.498 0.504 0.512 0.526 0.542 0.556 0.566 0.574

Kerala 0.404 0.408 0.418 0.429 0.438 0.447 0.456 0.463 0.472 0.483 0.496 0.506 0.515 0.525 0.536 0.548 0.557 0.565 0.574 0.581 0.587 0.592 0.599 0.612 0.629 0.642 0.652 0.659

Madhya Pradesh 0.284 0.288 0.293 0.299 0.303 0.309 0.315 0.317 0.319 0.326 0.334 0.342 0.348 0.355 0.363 0.369 0.373 0.378 0.384 0.39 0.394 0.398 0.406 0.425 0.447 0.465 0.477 0.487
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Maharashtra 0.363 0.369 0.379 0.39 0.399 0.41 0.419 0.426 0.431 0.44 0.451 0.459 0.468 0.478 0.489 0.5 0.51 0.52 0.529 0.538 0.546 0.552 0.559 0.572 0.588 0.602 0.611 0.618

Manipur 0.381 0.387 0.393 0.4 0.405 0.411 0.417 0.421 0.427 0.436 0.445 0.454 0.461 0.469 0.479 0.49 0.498 0.505 0.512 0.52 0.526 0.532 0.539 0.549 0.561 0.572 0.582 0.59

Meghalaya 0.334 0.339 0.345 0.352 0.357 0.364 0.37 0.376 0.382 0.39 0.401 0.411 0.42 0.43 0.441 0.45 0.46 0.469 0.478 0.487 0.495 0.501 0.507 0.52 0.534 0.547 0.557 0.565

Mizoram 0.392 0.399 0.408 0.417 0.424 0.433 0.443 0.449 0.456 0.465 0.475 0.483 0.492 0.502 0.511 0.52 0.526 0.531 0.537 0.545 0.55 0.552 0.557 0.57 0.587 0.6 0.609 0.616

Nagaland 0.395 0.399 0.406 0.414 0.421 0.429 0.435 0.441 0.445 0.452 0.462 0.472 0.482 0.492 0.503 0.513 0.522 0.532 0.543 0.552 0.56 0.567 0.574 0.587 0.602 0.614 0.625 0.633

Odisha 0.283 0.287 0.292 0.299 0.305 0.314 0.32 0.325 0.331 0.34 0.349 0.357 0.364 0.373 0.384 0.393 0.404 0.415 0.425 0.434 0.441 0.447 0.456 0.472 0.49 0.504 0.515 0.524

Punjab 0.383 0.388 0.396 0.404 0.413 0.422 0.429 0.435 0.441 0.449 0.459 0.468 0.475 0.483 0.492 0.501 0.511 0.52 0.53 0.539 0.547 0.554 0.563 0.576 0.592 0.605 0.614 0.622

Rajasthan 0.263 0.268 0.274 0.28 0.287 0.295 0.303 0.309 0.314 0.322 0.332 0.342 0.349 0.359 0.369 0.377 0.385 0.391 0.398 0.404 0.41 0.415 0.421 0.438 0.458 0.473 0.484 0.492

Sikkim 0.343 0.349 0.355 0.362 0.368 0.375 0.382 0.388 0.395 0.403 0.413 0.421 0.431 0.442 0.453 0.463 0.473 0.482 0.492 0.512 0.528 0.541 0.555 0.574 0.593 0.608 0.619 0.628

Tamil Nadu 0.35 0.354 0.363 0.373 0.383 0.391 0.399 0.406 0.414 0.424 0.436 0.446 0.455 0.465 0.475 0.486 0.497 0.506 0.514 0.522 0.529 0.535 0.543 0.559 0.579 0.595 0.607 0.615

Telangana 0.288 0.294 0.3 0.307 0.315 0.323 0.331 0.337 0.344 0.352 0.363 0.373 0.383 0.395 0.407 0.418 0.429 0.441 0.454 0.465 0.478 0.488 0.5 0.517 0.536 0.552 0.565 0.575

Tripura 0.333 0.336 0.34 0.346 0.35 0.356 0.363 0.368 0.373 0.385 0.398 0.409 0.419 0.43 0.44 0.449 0.457 0.462 0.469 0.476 0.48 0.483 0.488 0.5 0.515 0.527 0.536 0.543

Uttar Pradesh 0.272 0.276 0.281 0.286 0.291 0.297 0.303 0.307 0.31 0.317 0.325 0.333 0.34 0.348 0.358 0.366 0.374 0.382 0.39 0.398 0.404 0.41 0.419 0.436 0.454 0.469 0.48 0.488

Uttarakhand 0.304 0.306 0.31 0.315 0.321 0.329 0.336 0.341 0.347 0.355 0.367 0.378 0.391 0.405 0.42 0.434 0.449 0.463 0.478 0.494 0.509 0.522 0.535 0.552 0.57 0.586 0.598 0.607

West Bengal 0.321 0.322 0.329 0.338 0.345 0.353 0.36 0.366 0.371 0.38 0.389 0.398 0.406 0.416 0.425 0.434 0.441 0.448 0.455 0.462 0.467 0.471 0.476 0.49 0.506 0.519 0.53 0.538

Union Territories other than Delhi 0.406 0.408 0.412 0.417 0.423 0.43 0.439 0.446 0.453 0.463 0.474 0.486 0.498 0.511 0.524 0.537 0.548 0.559 0.569 0.579 0.586 0.591 0.597 0.61 0.624 0.636 0.646 0.653

Nepal 0.216 0.222 0.228 0.235 0.242 0.249 0.257 0.265 0.273 0.281 0.29 0.298 0.307 0.315 0.323 0.331 0.339 0.347 0.355 0.364 0.373 0.382 0.39 0.399 0.407 0.415 0.422 0.429

Pakistan 0.305 0.31 0.314 0.319 0.324 0.33 0.337 0.343 0.35 0.359 0.367 0.375 0.382 0.389 0.396 0.404 0.412 0.42 0.428 0.436 0.443 0.449 0.458 0.466 0.474 0.48 0.486 0.492

Southeast Asia, East Asia, and Oceania 0.468 0.479 0.489 0.498 0.506 0.517 0.528 0.538 0.546 0.553 0.561 0.568 0.574 0.58 0.588 0.596 0.606 0.615 0.624 0.632 0.641 0.649 0.656 0.662 0.67 0.673 0.675 0.685

East Asia 0.463 0.476 0.486 0.495 0.504 0.516 0.528 0.54 0.55 0.559 0.568 0.577 0.584 0.591 0.599 0.61 0.621 0.632 0.642 0.652 0.663 0.672 0.679 0.685 0.694 0.696 0.696 0.709

China 0.456 0.469 0.479 0.489 0.498 0.51 0.523 0.535 0.545 0.554 0.563 0.573 0.58 0.587 0.595 0.606 0.618 0.63 0.64 0.65 0.661 0.671 0.678 0.683 0.693 0.695 0.694 0.707

North Korea 0.512 0.517 0.52 0.524 0.524 0.522 0.519 0.515 0.51 0.506 0.503 0.5 0.498 0.498 0.499 0.501 0.503 0.506 0.508 0.511 0.514 0.517 0.52 0.524 0.527 0.531 0.535 0.538

Taiwan (Province of China) 0.691 0.7 0.708 0.715 0.723 0.731 0.739 0.75 0.759 0.764 0.77 0.778 0.786 0.793 0.8 0.807 0.813 0.821 0.827 0.833 0.838 0.842 0.846 0.85 0.854 0.858 0.861 0.864

Oceania 0.406 0.408 0.41 0.412 0.415 0.418 0.421 0.423 0.426 0.428 0.43 0.431 0.432 0.433 0.435 0.436 0.438 0.44 0.442 0.444 0.446 0.449 0.452 0.455 0.459 0.463 0.467 0.471

American Samoa 0.609 0.612 0.615 0.62 0.624 0.629 0.633 0.636 0.639 0.643 0.647 0.651 0.655 0.659 0.662 0.666 0.668 0.671 0.673 0.675 0.678 0.682 0.687 0.691 0.694 0.697 0.7 0.702

Federated States of Micronesia 0.462 0.469 0.476 0.483 0.489 0.496 0.501 0.505 0.509 0.514 0.518 0.523 0.527 0.532 0.536 0.54 0.543 0.547 0.549 0.552 0.555 0.559 0.562 0.565 0.567 0.57 0.573 0.575

Fiji 0.533 0.537 0.542 0.547 0.552 0.558 0.563 0.568 0.574 0.58 0.585 0.589 0.594 0.598 0.602 0.604 0.607 0.61 0.611 0.613 0.615 0.617 0.619 0.623 0.627 0.632 0.637 0.641

Guam 0.698 0.695 0.693 0.694 0.698 0.703 0.709 0.717 0.727 0.739 0.75 0.759 0.765 0.768 0.77 0.77 0.769 0.77 0.771 0.774 0.776 0.78 0.784 0.788 0.792 0.794 0.794 0.794

Kiribati 0.355 0.357 0.359 0.361 0.363 0.365 0.368 0.37 0.373 0.376 0.379 0.382 0.385 0.388 0.39 0.393 0.395 0.397 0.398 0.399 0.401 0.403 0.406 0.41 0.414 0.418 0.423 0.427

Marshall Islands 0.413 0.421 0.429 0.436 0.444 0.451 0.457 0.462 0.465 0.469 0.473 0.477 0.482 0.485 0.489 0.493 0.498 0.503 0.507 0.512 0.518 0.523 0.528 0.533 0.538 0.542 0.547 0.55

Northern Mariana Islands 0.738 0.744 0.748 0.75 0.752 0.754 0.756 0.757 0.758 0.759 0.763 0.766 0.767 0.767 0.767 0.766 0.765 0.764 0.763 0.761 0.759 0.758 0.757 0.756 0.756 0.756 0.757 0.758

Papua New Guinea 0.318 0.321 0.324 0.33 0.335 0.34 0.344 0.348 0.351 0.354 0.356 0.358 0.36 0.361 0.363 0.365 0.368 0.371 0.375 0.379 0.383 0.388 0.393 0.398 0.404 0.409 0.415 0.419

Samoa 0.538 0.539 0.538 0.536 0.535 0.536 0.536 0.537 0.538 0.54 0.542 0.544 0.546 0.548 0.55 0.552 0.554 0.556 0.558 0.559 0.561 0.563 0.56 0.558 0.562 0.567 0.572 0.576

Solomon Islands 0.316 0.32 0.326 0.331 0.337 0.344 0.35 0.355 0.36 0.364 0.365 0.366 0.366 0.366 0.367 0.369 0.371 0.375 0.38 0.384 0.388 0.394 0.4 0.406 0.411 0.416 0.421 0.425

Tonga 0.522 0.528 0.533 0.538 0.544 0.549 0.553 0.557 0.56 0.564 0.566 0.569 0.573 0.577 0.581 0.584 0.587 0.589 0.592 0.595 0.599 0.603 0.607 0.61 0.614 0.617 0.621 0.625

Vanuatu 0.38 0.384 0.388 0.391 0.395 0.398 0.402 0.406 0.409 0.413 0.416 0.419 0.421 0.423 0.425 0.428 0.431 0.435 0.44 0.445 0.449 0.453 0.458 0.462 0.465 0.469 0.472 0.475

Southeast Asia 0.467 0.477 0.486 0.495 0.504 0.513 0.521 0.529 0.534 0.538 0.543 0.548 0.552 0.557 0.562 0.567 0.572 0.578 0.584 0.589 0.595 0.602 0.609 0.616 0.622 0.629 0.635 0.641

Cambodia 0.259 0.266 0.273 0.279 0.286 0.294 0.302 0.31 0.317 0.326 0.335 0.344 0.353 0.362 0.372 0.382 0.392 0.401 0.411 0.42 0.427 0.435 0.443 0.451 0.459 0.467 0.475 0.482

Indonesia 0.465 0.476 0.487 0.499 0.51 0.52 0.53 0.537 0.542 0.546 0.55 0.554 0.558 0.562 0.566 0.571 0.576 0.581 0.587 0.594 0.6 0.608 0.615 0.622 0.629 0.636 0.642 0.648

Laos 0.307 0.313 0.32 0.326 0.332 0.339 0.345 0.352 0.358 0.364 0.371 0.378 0.385 0.392 0.4 0.407 0.416 0.425 0.434 0.444 0.453 0.463 0.473 0.483 0.493 0.502 0.511 0.519

Malaysia 0.57 0.575 0.581 0.589 0.598 0.606 0.616 0.626 0.638 0.654 0.661 0.664 0.671 0.679 0.684 0.689 0.697 0.704 0.709 0.714 0.721 0.727 0.733 0.739 0.744 0.749 0.754 0.759

Maldives 0.386 0.399 0.412 0.424 0.435 0.446 0.46 0.477 0.493 0.507 0.518 0.528 0.537 0.545 0.554 0.56 0.567 0.575 0.584 0.593 0.602 0.611 0.62 0.629 0.636 0.643 0.65 0.655

Mauritius 0.554 0.561 0.568 0.576 0.585 0.595 0.603 0.609 0.613 0.616 0.621 0.627 0.633 0.639 0.646 0.651 0.657 0.663 0.669 0.675 0.68 0.687 0.694 0.701 0.708 0.713 0.717 0.72

Myanmar 0.33 0.333 0.337 0.341 0.347 0.353 0.36 0.367 0.375 0.383 0.392 0.402 0.412 0.423 0.434 0.446 0.458 0.47 0.481 0.492 0.501 0.51 0.518 0.527 0.535 0.542 0.549 0.556

Philippines 0.511 0.516 0.521 0.525 0.53 0.534 0.539 0.542 0.545 0.547 0.55 0.553 0.555 0.557 0.559 0.561 0.563 0.566 0.568 0.569 0.572 0.579 0.586 0.593 0.599 0.605 0.612 0.617

Sri Lanka 0.49 0.495 0.501 0.508 0.516 0.524 0.532 0.54 0.547 0.553 0.559 0.565 0.571 0.578 0.584 0.59 0.597 0.604 0.611 0.618 0.626 0.634 0.642 0.65 0.658 0.666 0.673 0.68

Seychelles 0.549 0.557 0.565 0.573 0.582 0.589 0.597 0.605 0.613 0.62 0.626 0.631 0.636 0.64 0.643 0.646 0.65 0.653 0.656 0.658 0.66 0.663 0.667 0.671 0.675 0.68 0.686 0.692

Thailand 0.502 0.514 0.525 0.534 0.542 0.552 0.561 0.567 0.569 0.572 0.579 0.587 0.594 0.6 0.605 0.61 0.616 0.623 0.629 0.635 0.641 0.647 0.654 0.66 0.667 0.673 0.679 0.684

Timor-Leste 0.276 0.283 0.29 0.296 0.302 0.307 0.314 0.321 0.325 0.321 0.32 0.325 0.332 0.345 0.362 0.379 0.4 0.419 0.437 0.449 0.46 0.471 0.481 0.49 0.495 0.5 0.504 0.505

Vietnam 0.406 0.413 0.42 0.427 0.435 0.444 0.452 0.461 0.469 0.477 0.483 0.49 0.497 0.504 0.511 0.518 0.525 0.532 0.54 0.547 0.554 0.562 0.57 0.578 0.585 0.593 0.6 0.607

Sub-Saharan Africa 0.304 0.307 0.311 0.314 0.317 0.32 0.324 0.328 0.332 0.335 0.339 0.343 0.348 0.353 0.359 0.365 0.371 0.379 0.386 0.393 0.4 0.407 0.414 0.421 0.428 0.435 0.441 0.446

Central sub-Saharan Africa 0.298 0.303 0.307 0.309 0.311 0.313 0.316 0.318 0.32 0.323 0.325 0.328 0.332 0.336 0.341 0.348 0.355 0.364 0.373 0.382 0.391 0.402 0.413 0.423 0.433 0.443 0.452 0.457

Angola 0.235 0.24 0.245 0.249 0.253 0.258 0.263 0.269 0.276 0.282 0.288 0.293 0.299 0.305 0.312 0.32 0.329 0.34 0.351 0.363 0.375 0.389 0.401 0.414 0.428 0.441 0.453 0.461
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Central African Republic 0.22 0.225 0.228 0.232 0.236 0.24 0.242 0.245 0.249 0.254 0.257 0.261 0.265 0.268 0.271 0.275 0.28 0.285 0.29 0.296 0.304 0.313 0.323 0.325 0.328 0.33 0.333 0.334

Congo (Brazzaville) 0.382 0.39 0.398 0.405 0.41 0.416 0.421 0.426 0.43 0.434 0.439 0.444 0.449 0.455 0.46 0.467 0.475 0.482 0.49 0.499 0.509 0.52 0.531 0.542 0.552 0.561 0.569 0.574

DR Congo 0.293 0.296 0.298 0.298 0.296 0.294 0.291 0.288 0.283 0.279 0.274 0.269 0.265 0.263 0.262 0.264 0.264 0.265 0.267 0.27 0.278 0.288 0.3 0.315 0.33 0.344 0.356 0.364

Equatorial Guinea 0.2 0.204 0.212 0.22 0.229 0.241 0.26 0.292 0.316 0.339 0.363 0.388 0.41 0.429 0.449 0.467 0.483 0.499 0.516 0.53 0.544 0.559 0.573 0.587 0.599 0.61 0.62 0.625

Gabon 0.433 0.443 0.453 0.462 0.472 0.481 0.49 0.498 0.506 0.514 0.522 0.529 0.535 0.542 0.549 0.556 0.562 0.569 0.576 0.582 0.589 0.598 0.607 0.616 0.625 0.634 0.644 0.651

Eastern sub-Saharan Africa 0.23 0.233 0.236 0.239 0.241 0.245 0.249 0.254 0.259 0.262 0.266 0.271 0.276 0.282 0.288 0.294 0.301 0.308 0.316 0.324 0.332 0.34 0.348 0.356 0.365 0.373 0.381 0.387

Burundi 0.247 0.252 0.257 0.258 0.263 0.265 0.265 0.266 0.268 0.268 0.268 0.267 0.268 0.269 0.271 0.272 0.274 0.276 0.278 0.282 0.286 0.29 0.295 0.299 0.303 0.306 0.308 0.31

Comoros 0.272 0.279 0.286 0.293 0.298 0.303 0.306 0.31 0.314 0.319 0.325 0.331 0.338 0.344 0.351 0.358 0.365 0.372 0.378 0.384 0.39 0.396 0.403 0.41 0.417 0.423 0.429 0.434

Djibouti 0.313 0.317 0.32 0.322 0.325 0.329 0.333 0.337 0.339 0.341 0.342 0.347 0.359 0.374 0.388 0.4 0.407 0.412 0.419 0.425 0.432 0.439 0.446 0.454 0.462 0.47 0.478 0.485

Eritrea 0.202 0.214 0.223 0.234 0.247 0.26 0.272 0.285 0.296 0.306 0.315 0.323 0.331 0.337 0.343 0.348 0.353 0.357 0.36 0.364 0.368 0.372 0.378 0.383 0.39 0.396 0.403 0.409

Ethiopia 0.138 0.141 0.143 0.146 0.148 0.15 0.155 0.161 0.166 0.169 0.172 0.177 0.183 0.189 0.195 0.202 0.21 0.221 0.233 0.245 0.257 0.268 0.28 0.292 0.303 0.314 0.325 0.334

Kenya 0.341 0.349 0.357 0.364 0.372 0.377 0.382 0.387 0.392 0.398 0.401 0.403 0.406 0.411 0.416 0.42 0.425 0.432 0.438 0.445 0.452 0.459 0.465 0.473 0.481 0.488 0.494 0.499

Baringo 0.254 0.266 0.278 0.289 0.299 0.307 0.313 0.319 0.326 0.333 0.338 0.341 0.345 0.352 0.358 0.362 0.368 0.376 0.384 0.393 0.401 0.408 0.414 0.421 0.428 0.434 0.439 0.444

Bomet 0.306 0.315 0.325 0.333 0.341 0.347 0.351 0.355 0.361 0.367 0.371 0.373 0.378 0.385 0.392 0.398 0.406 0.414 0.423 0.433 0.442 0.449 0.456 0.465 0.475 0.483 0.49 0.496

Bungoma 0.316 0.325 0.333 0.341 0.348 0.353 0.357 0.36 0.365 0.37 0.373 0.373 0.376 0.38 0.384 0.387 0.391 0.397 0.403 0.41 0.417 0.423 0.429 0.436 0.445 0.451 0.458 0.463

Busia 0.297 0.304 0.312 0.32 0.327 0.332 0.336 0.339 0.344 0.349 0.352 0.353 0.356 0.361 0.367 0.37 0.375 0.381 0.386 0.393 0.4 0.404 0.409 0.415 0.423 0.428 0.434 0.438

Elgeyo Marakwet 0.292 0.302 0.312 0.321 0.329 0.336 0.342 0.348 0.355 0.362 0.368 0.372 0.378 0.386 0.394 0.4 0.408 0.417 0.425 0.435 0.443 0.451 0.458 0.467 0.475 0.483 0.49 0.496

Embu 0.375 0.384 0.393 0.4 0.407 0.413 0.417 0.422 0.427 0.431 0.434 0.437 0.44 0.444 0.449 0.452 0.458 0.464 0.47 0.478 0.486 0.493 0.499 0.507 0.514 0.521 0.527 0.533

Garissa 0.153 0.16 0.168 0.177 0.184 0.19 0.195 0.201 0.207 0.213 0.217 0.219 0.223 0.228 0.233 0.237 0.242 0.249 0.255 0.263 0.272 0.28 0.288 0.298 0.309 0.318 0.326 0.334

Homa Bay 0.214 0.222 0.232 0.243 0.253 0.26 0.265 0.271 0.279 0.288 0.292 0.293 0.297 0.305 0.313 0.319 0.328 0.338 0.346 0.356 0.366 0.374 0.382 0.392 0.403 0.411 0.419 0.425

Isiolo 0.264 0.27 0.276 0.282 0.288 0.292 0.295 0.298 0.301 0.305 0.307 0.308 0.31 0.314 0.318 0.321 0.326 0.331 0.337 0.343 0.35 0.355 0.36 0.365 0.372 0.377 0.381 0.385

Kajiado 0.384 0.392 0.4 0.407 0.414 0.42 0.425 0.429 0.434 0.438 0.442 0.445 0.448 0.452 0.456 0.46 0.464 0.47 0.475 0.481 0.486 0.492 0.498 0.506 0.514 0.521 0.528 0.534

Kakamega 0.295 0.303 0.311 0.319 0.326 0.332 0.337 0.342 0.348 0.356 0.36 0.361 0.365 0.37 0.375 0.378 0.383 0.389 0.394 0.4 0.407 0.412 0.417 0.425 0.433 0.439 0.445 0.45

Kericho 0.266 0.277 0.288 0.299 0.309 0.317 0.324 0.331 0.339 0.348 0.353 0.356 0.362 0.37 0.378 0.385 0.394 0.404 0.414 0.425 0.436 0.445 0.454 0.464 0.475 0.485 0.493 0.5

Kiambu 0.435 0.443 0.45 0.457 0.464 0.469 0.473 0.476 0.48 0.484 0.487 0.489 0.492 0.496 0.5 0.504 0.509 0.516 0.521 0.528 0.535 0.541 0.548 0.555 0.562 0.569 0.575 0.58

Kilifi 0.292 0.3 0.307 0.314 0.321 0.327 0.331 0.336 0.34 0.346 0.348 0.349 0.352 0.357 0.361 0.365 0.371 0.378 0.385 0.392 0.4 0.408 0.415 0.424 0.434 0.442 0.45 0.456

Kirinyaga 0.389 0.396 0.402 0.407 0.411 0.415 0.418 0.422 0.425 0.429 0.432 0.434 0.437 0.442 0.447 0.451 0.457 0.464 0.471 0.479 0.486 0.493 0.5 0.507 0.514 0.521 0.527 0.533

Kisii 0.34 0.35 0.36 0.368 0.377 0.383 0.389 0.395 0.401 0.407 0.411 0.414 0.418 0.424 0.429 0.434 0.44 0.448 0.454 0.463 0.471 0.479 0.486 0.495 0.503 0.51 0.517 0.522

Kisumu 0.315 0.325 0.334 0.342 0.349 0.355 0.36 0.364 0.37 0.376 0.381 0.384 0.388 0.395 0.402 0.407 0.415 0.424 0.432 0.442 0.451 0.459 0.466 0.475 0.484 0.491 0.497 0.503

Kitui 0.28 0.288 0.297 0.304 0.311 0.317 0.322 0.327 0.332 0.338 0.343 0.346 0.351 0.357 0.363 0.369 0.376 0.383 0.391 0.399 0.408 0.416 0.423 0.432 0.44 0.448 0.455 0.461

Kwale 0.294 0.301 0.308 0.314 0.321 0.326 0.33 0.334 0.338 0.342 0.344 0.346 0.348 0.352 0.357 0.36 0.366 0.374 0.381 0.39 0.399 0.407 0.414 0.424 0.433 0.442 0.45 0.457

Laikipia 0.346 0.354 0.361 0.368 0.375 0.38 0.385 0.389 0.395 0.401 0.405 0.409 0.415 0.423 0.433 0.442 0.451 0.462 0.472 0.483 0.494 0.502 0.511 0.521 0.531 0.54 0.549 0.556

Lamu 0.295 0.303 0.312 0.321 0.328 0.334 0.338 0.343 0.347 0.352 0.355 0.356 0.359 0.364 0.369 0.373 0.378 0.384 0.39 0.397 0.405 0.411 0.417 0.425 0.434 0.441 0.448 0.453

Machakos 0.352 0.362 0.372 0.38 0.389 0.396 0.403 0.411 0.418 0.426 0.431 0.435 0.44 0.444 0.449 0.452 0.456 0.461 0.465 0.471 0.476 0.482 0.487 0.493 0.5 0.507 0.512 0.518

Makueni 0.3 0.307 0.314 0.322 0.328 0.333 0.336 0.339 0.343 0.348 0.35 0.351 0.354 0.36 0.367 0.373 0.381 0.391 0.401 0.413 0.423 0.432 0.439 0.447 0.454 0.46 0.465 0.469

Mandera 0.102 0.109 0.118 0.126 0.135 0.142 0.149 0.156 0.164 0.172 0.178 0.181 0.187 0.194 0.201 0.206 0.212 0.218 0.224 0.231 0.238 0.244 0.251 0.261 0.271 0.28 0.288 0.295

Marsabit 0.22 0.223 0.227 0.231 0.236 0.239 0.241 0.244 0.247 0.252 0.255 0.256 0.259 0.264 0.268 0.271 0.276 0.281 0.286 0.293 0.299 0.304 0.309 0.315 0.323 0.329 0.335 0.34

Meru 0.338 0.346 0.354 0.362 0.369 0.376 0.381 0.387 0.393 0.399 0.403 0.407 0.411 0.417 0.423 0.428 0.434 0.441 0.447 0.454 0.462 0.469 0.475 0.482 0.49 0.496 0.503 0.508

Migori 0.229 0.237 0.246 0.255 0.262 0.267 0.27 0.274 0.279 0.285 0.287 0.286 0.289 0.296 0.303 0.307 0.315 0.325 0.333 0.344 0.355 0.364 0.372 0.383 0.395 0.404 0.412 0.419

Mombasa 0.396 0.405 0.414 0.422 0.43 0.437 0.443 0.449 0.455 0.461 0.465 0.468 0.471 0.475 0.478 0.481 0.486 0.491 0.496 0.502 0.51 0.517 0.525 0.534 0.543 0.552 0.561 0.568

Murang’a 0.381 0.389 0.396 0.402 0.408 0.413 0.418 0.424 0.429 0.436 0.441 0.444 0.449 0.454 0.46 0.465 0.47 0.476 0.482 0.488 0.494 0.499 0.504 0.51 0.515 0.52 0.524 0.528

Nairobi 0.499 0.506 0.513 0.519 0.525 0.53 0.534 0.539 0.544 0.549 0.553 0.556 0.56 0.566 0.572 0.577 0.585 0.593 0.602 0.611 0.619 0.627 0.634 0.643 0.652 0.66 0.667 0.674

Nakuru 0.337 0.347 0.357 0.367 0.375 0.383 0.389 0.394 0.399 0.405 0.409 0.413 0.417 0.423 0.43 0.436 0.445 0.454 0.464 0.474 0.484 0.493 0.502 0.511 0.521 0.53 0.538 0.545

Nandi 0.323 0.333 0.344 0.354 0.362 0.369 0.375 0.381 0.388 0.394 0.399 0.402 0.406 0.412 0.418 0.422 0.428 0.435 0.441 0.449 0.456 0.462 0.468 0.475 0.483 0.49 0.496 0.501

Narok 0.217 0.225 0.234 0.242 0.25 0.255 0.259 0.264 0.272 0.28 0.284 0.285 0.289 0.297 0.305 0.31 0.318 0.326 0.333 0.342 0.35 0.356 0.362 0.371 0.381 0.389 0.396 0.402

Nyamira 0.361 0.37 0.379 0.387 0.395 0.401 0.406 0.41 0.414 0.419 0.421 0.423 0.426 0.431 0.437 0.443 0.451 0.46 0.468 0.478 0.488 0.496 0.504 0.513 0.523 0.531 0.538 0.544

Nyandarua 0.353 0.361 0.369 0.376 0.382 0.388 0.392 0.397 0.402 0.409 0.413 0.416 0.421 0.428 0.436 0.442 0.449 0.458 0.466 0.475 0.484 0.491 0.498 0.506 0.514 0.521 0.528 0.534

Nyeri 0.407 0.414 0.421 0.427 0.434 0.439 0.444 0.449 0.454 0.459 0.463 0.466 0.47 0.475 0.479 0.484 0.489 0.496 0.502 0.509 0.516 0.522 0.527 0.533 0.539 0.544 0.549 0.554

Samburu 0.205 0.21 0.215 0.221 0.225 0.228 0.23 0.232 0.235 0.239 0.24 0.239 0.24 0.243 0.247 0.249 0.253 0.258 0.262 0.267 0.273 0.277 0.28 0.287 0.294 0.299 0.304 0.308

Siaya 0.227 0.236 0.246 0.255 0.265 0.272 0.279 0.287 0.294 0.303 0.309 0.313 0.318 0.326 0.334 0.34 0.349 0.359 0.368 0.379 0.39 0.4 0.409 0.421 0.432 0.443 0.452 0.46

Taita Taveta 0.352 0.362 0.371 0.38 0.389 0.396 0.403 0.409 0.416 0.422 0.427 0.43 0.434 0.438 0.443 0.447 0.452 0.458 0.464 0.472 0.48 0.487 0.494 0.502 0.509 0.516 0.523 0.529

Tana River 0.231 0.237 0.244 0.25 0.255 0.26 0.263 0.267 0.27 0.274 0.276 0.276 0.278 0.281 0.285 0.288 0.292 0.298 0.304 0.311 0.319 0.326 0.333 0.342 0.353 0.362 0.371 0.379

Tharaka Nithi 0.342 0.35 0.357 0.364 0.371 0.377 0.382 0.387 0.392 0.397 0.402 0.405 0.41 0.417 0.423 0.429 0.437 0.445 0.453 0.463 0.472 0.48 0.488 0.497 0.506 0.514 0.522 0.528
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Appendix Table 8: Socio-demographic Index values for all estimated GBD locations, 1990–2017

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Trans Nzoia 0.318 0.328 0.337 0.346 0.353 0.359 0.363 0.368 0.373 0.38 0.384 0.388 0.392 0.399 0.406 0.411 0.418 0.426 0.433 0.441 0.448 0.454 0.46 0.468 0.477 0.484 0.491 0.496

Turkana 0.211 0.216 0.221 0.226 0.231 0.234 0.237 0.239 0.242 0.245 0.247 0.247 0.248 0.25 0.252 0.252 0.253 0.255 0.257 0.26 0.264 0.266 0.269 0.274 0.281 0.286 0.291 0.295

Uasin Gishu 0.363 0.373 0.382 0.391 0.399 0.405 0.41 0.416 0.421 0.428 0.433 0.436 0.441 0.447 0.453 0.458 0.465 0.472 0.48 0.488 0.496 0.503 0.51 0.517 0.526 0.533 0.539 0.545

Vihiga 0.328 0.337 0.346 0.355 0.362 0.367 0.371 0.374 0.376 0.378 0.378 0.378 0.379 0.382 0.387 0.392 0.399 0.408 0.417 0.427 0.437 0.444 0.45 0.457 0.464 0.469 0.474 0.477

Wajir 0.104 0.111 0.12 0.128 0.136 0.142 0.146 0.151 0.156 0.162 0.165 0.166 0.168 0.172 0.176 0.178 0.181 0.185 0.189 0.195 0.201 0.206 0.21 0.218 0.226 0.233 0.238 0.243

West Pokot 0.213 0.219 0.226 0.233 0.24 0.245 0.249 0.253 0.258 0.265 0.268 0.27 0.274 0.28 0.286 0.291 0.298 0.305 0.312 0.319 0.327 0.333 0.34 0.349 0.359 0.368 0.376 0.382

Madagascar 0.262 0.264 0.265 0.265 0.265 0.265 0.266 0.268 0.27 0.272 0.274 0.278 0.282 0.286 0.291 0.294 0.295 0.295 0.298 0.3 0.302 0.303 0.306 0.31 0.315 0.321 0.326 0.331

Malawi 0.199 0.202 0.204 0.206 0.208 0.212 0.216 0.221 0.225 0.23 0.234 0.238 0.244 0.249 0.256 0.262 0.27 0.279 0.288 0.296 0.305 0.313 0.32 0.327 0.333 0.339 0.345 0.349

Mozambique 0.133 0.135 0.136 0.138 0.14 0.142 0.147 0.154 0.162 0.169 0.175 0.182 0.189 0.197 0.206 0.215 0.224 0.235 0.246 0.257 0.268 0.279 0.29 0.301 0.311 0.322 0.332 0.34

Rwanda 0.267 0.269 0.272 0.274 0.268 0.267 0.269 0.272 0.276 0.28 0.284 0.29 0.297 0.304 0.311 0.319 0.327 0.334 0.342 0.349 0.356 0.363 0.371 0.378 0.386 0.393 0.401 0.407

Somalia 0.153 0.156 0.157 0.159 0.16 0.161 0.162 0.163 0.163 0.164 0.165 0.167 0.169 0.172 0.176 0.179 0.183 0.188 0.193 0.198 0.203 0.208 0.212 0.217 0.222 0.227 0.231 0.235

South Sudan 0.179 0.18 0.182 0.183 0.184 0.186 0.187 0.189 0.191 0.194 0.197 0.2 0.204 0.207 0.211 0.215 0.22 0.225 0.229 0.234 0.239 0.244 0.249 0.254 0.259 0.265 0.27 0.275

Tanzania 0.275 0.28 0.285 0.289 0.291 0.294 0.297 0.3 0.304 0.307 0.311 0.315 0.32 0.325 0.33 0.334 0.339 0.344 0.35 0.355 0.36 0.366 0.373 0.381 0.388 0.397 0.405 0.412

Uganda 0.163 0.164 0.166 0.169 0.173 0.178 0.185 0.193 0.202 0.212 0.222 0.232 0.243 0.254 0.265 0.276 0.287 0.298 0.31 0.32 0.33 0.339 0.348 0.357 0.366 0.374 0.382 0.388

Zambia 0.312 0.314 0.316 0.319 0.321 0.324 0.326 0.329 0.332 0.335 0.338 0.343 0.348 0.353 0.358 0.365 0.373 0.382 0.392 0.402 0.412 0.421 0.431 0.44 0.449 0.458 0.466 0.472

Southern sub-Saharan Africa 0.521 0.525 0.53 0.535 0.539 0.543 0.546 0.55 0.555 0.56 0.565 0.569 0.574 0.578 0.582 0.585 0.59 0.596 0.603 0.607 0.612 0.616 0.619 0.622 0.627 0.633 0.637 0.64

Botswana 0.463 0.473 0.483 0.492 0.501 0.509 0.517 0.524 0.532 0.539 0.546 0.553 0.56 0.567 0.574 0.581 0.588 0.597 0.605 0.612 0.619 0.626 0.633 0.639 0.646 0.652 0.658 0.663

Lesotho 0.333 0.34 0.347 0.354 0.362 0.369 0.376 0.383 0.389 0.396 0.402 0.407 0.413 0.417 0.422 0.426 0.431 0.436 0.441 0.446 0.452 0.458 0.464 0.47 0.476 0.482 0.488 0.493

Namibia 0.454 0.459 0.465 0.471 0.477 0.483 0.489 0.495 0.501 0.507 0.512 0.516 0.521 0.525 0.53 0.534 0.54 0.546 0.552 0.558 0.565 0.572 0.579 0.587 0.595 0.603 0.61 0.616

South Africa 0.557 0.56 0.565 0.57 0.574 0.576 0.579 0.583 0.587 0.593 0.598 0.602 0.607 0.611 0.615 0.619 0.624 0.631 0.639 0.644 0.649 0.653 0.655 0.658 0.664 0.669 0.674 0.677

Swaziland 0.426 0.435 0.444 0.452 0.459 0.466 0.473 0.478 0.483 0.489 0.494 0.499 0.503 0.508 0.513 0.518 0.523 0.528 0.533 0.538 0.543 0.547 0.552 0.557 0.563 0.569 0.574 0.578

Zimbabwe 0.408 0.417 0.424 0.43 0.436 0.44 0.446 0.45 0.453 0.456 0.457 0.459 0.458 0.456 0.453 0.449 0.443 0.438 0.43 0.426 0.424 0.425 0.43 0.436 0.444 0.451 0.458 0.463

Western sub-Saharan Africa 0.293 0.296 0.299 0.303 0.306 0.309 0.313 0.316 0.32 0.324 0.328 0.333 0.337 0.343 0.35 0.357 0.365 0.373 0.381 0.389 0.396 0.403 0.411 0.417 0.424 0.43 0.437 0.441

Benin 0.218 0.223 0.228 0.233 0.238 0.243 0.248 0.253 0.258 0.263 0.268 0.273 0.278 0.284 0.29 0.296 0.301 0.307 0.313 0.32 0.326 0.332 0.338 0.345 0.353 0.36 0.367 0.373

Burkina Faso 0.139 0.143 0.147 0.151 0.154 0.158 0.163 0.168 0.173 0.179 0.184 0.19 0.195 0.201 0.208 0.214 0.22 0.226 0.232 0.237 0.242 0.248 0.253 0.259 0.266 0.272 0.279 0.284

Cameroon 0.332 0.338 0.343 0.347 0.35 0.352 0.355 0.357 0.359 0.36 0.361 0.361 0.361 0.362 0.366 0.373 0.38 0.388 0.396 0.405 0.414 0.423 0.433 0.443 0.453 0.464 0.474 0.482

Cape Verde 0.307 0.315 0.322 0.329 0.337 0.347 0.357 0.367 0.377 0.387 0.399 0.41 0.42 0.431 0.441 0.451 0.461 0.472 0.482 0.491 0.5 0.509 0.517 0.524 0.531 0.538 0.544 0.549

Chad 0.119 0.123 0.128 0.131 0.135 0.138 0.141 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.161 0.166 0.171 0.178 0.185 0.192 0.2 0.207 0.216 0.224 0.232 0.24 0.248 0.253

Cote d'Ivoire 0.273 0.28 0.287 0.292 0.297 0.301 0.306 0.312 0.317 0.322 0.326 0.33 0.334 0.338 0.342 0.346 0.349 0.353 0.357 0.361 0.367 0.371 0.377 0.384 0.391 0.398 0.406 0.412

The Gambia 0.245 0.251 0.257 0.263 0.269 0.275 0.282 0.288 0.294 0.3 0.307 0.314 0.319 0.325 0.332 0.338 0.343 0.349 0.355 0.361 0.367 0.372 0.378 0.384 0.389 0.395 0.401 0.405

Ghana 0.38 0.386 0.392 0.396 0.4 0.403 0.408 0.413 0.416 0.418 0.422 0.425 0.43 0.435 0.439 0.443 0.45 0.459 0.467 0.474 0.482 0.49 0.498 0.505 0.513 0.521 0.53 0.537

Guinea 0.164 0.168 0.171 0.175 0.178 0.183 0.188 0.194 0.2 0.206 0.211 0.217 0.222 0.228 0.234 0.24 0.246 0.252 0.26 0.266 0.273 0.281 0.288 0.295 0.303 0.31 0.318 0.325

Guinea-Bissau 0.183 0.189 0.194 0.199 0.205 0.211 0.217 0.224 0.229 0.235 0.241 0.246 0.252 0.257 0.263 0.268 0.274 0.28 0.286 0.293 0.3 0.308 0.315 0.322 0.329 0.336 0.343 0.349

Liberia 0.207 0.209 0.21 0.206 0.199 0.19 0.178 0.174 0.175 0.183 0.198 0.214 0.228 0.234 0.239 0.245 0.251 0.257 0.264 0.27 0.276 0.284 0.292 0.301 0.31 0.318 0.324 0.328

Mali 0.13 0.134 0.137 0.141 0.145 0.148 0.152 0.157 0.161 0.166 0.171 0.176 0.181 0.187 0.192 0.198 0.203 0.209 0.215 0.22 0.226 0.232 0.238 0.243 0.249 0.255 0.262 0.267

Mauritania 0.299 0.307 0.314 0.321 0.328 0.335 0.341 0.346 0.351 0.356 0.359 0.363 0.367 0.371 0.377 0.382 0.39 0.398 0.406 0.412 0.42 0.427 0.435 0.442 0.45 0.458 0.465 0.471

Niger 0.092 0.097 0.101 0.105 0.108 0.111 0.113 0.115 0.118 0.121 0.123 0.125 0.127 0.13 0.134 0.137 0.14 0.144 0.147 0.151 0.156 0.16 0.165 0.17 0.176 0.181 0.186 0.191

Nigeria 0.344 0.346 0.347 0.349 0.352 0.355 0.358 0.362 0.365 0.369 0.374 0.379 0.385 0.391 0.4 0.41 0.419 0.429 0.437 0.445 0.452 0.459 0.466 0.473 0.478 0.484 0.49 0.493

Sao Tome and Principe 0.287 0.292 0.296 0.3 0.305 0.309 0.314 0.32 0.326 0.332 0.338 0.345 0.353 0.362 0.371 0.381 0.39 0.399 0.408 0.416 0.426 0.435 0.444 0.453 0.463 0.472 0.481 0.488

Senegal 0.244 0.25 0.257 0.262 0.267 0.272 0.277 0.281 0.286 0.291 0.295 0.299 0.303 0.307 0.311 0.316 0.319 0.324 0.328 0.333 0.338 0.342 0.347 0.352 0.357 0.362 0.368 0.373

Sierra Leone 0.202 0.205 0.207 0.211 0.216 0.219 0.222 0.225 0.226 0.228 0.23 0.233 0.238 0.244 0.249 0.256 0.262 0.27 0.278 0.286 0.294 0.302 0.312 0.325 0.336 0.344 0.351 0.357

Togo 0.263 0.27 0.276 0.281 0.286 0.292 0.297 0.303 0.307 0.311 0.315 0.318 0.321 0.325 0.329 0.333 0.337 0.343 0.348 0.353 0.36 0.366 0.373 0.381 0.39 0.398 0.406 0.413
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Geography 2017 SDI SDI Quintile

Afar 0.33 Low SDI

Afghanistan 0.327 Low SDI

Amhara 0.32 Low SDI

Bangladesh 0.423 Low SDI

Baringo 0.43 Low SDI

Benin 0.376 Low SDI

Benishangul-Gumuz 0.319 Low SDI

Bihar, Rural 0.397 Low SDI

Burkina Faso 0.278 Low SDI

Burundi 0.308 Low SDI

Busia 0.439 Low SDI

Central African Republic 0.333 Low SDI

Chad 0.264 Low SDI

Comoros 0.438 Low SDI

Cote d'Ivoire 0.42 Low SDI

DR Congo 0.35 Low SDI

Dire Dawa 0.447 Low SDI

Eritrea 0.41 Low SDI

Gambella 0.37 Low SDI

Garissa 0.344 Low SDI

Guinea 0.323 Low SDI

Guinea-Bissau 0.354 Low SDI

Haiti 0.441 Low SDI

Harari 0.442 Low SDI

Homa Bay 0.41 Low SDI

Isiolo 0.354 Low SDI

Kitui 0.446 Low SDI

Liberia 0.33 Low SDI

Madagascar 0.327 Low SDI

Madhya Pradesh, Rural 0.435 Low SDI

Malawi 0.352 Low SDI

Mali 0.259 Low SDI

Mandera 0.305 Low SDI

Marsabit 0.312 Low SDI

Migori 0.389 Low SDI

Mozambique 0.328 Low SDI

Narok 0.391 Low SDI

Nepal 0.428 Low SDI

Niger 0.202 Low SDI

Oromia 0.329 Low SDI

Papua New Guinea 0.445 Low SDI

Rajasthan, Rural 0.444 Low SDI

Rwanda 0.409 Low SDI

Samburu 0.277 Low SDI

Senegal 0.389 Low SDI

Siaya 0.443 Low SDI

Appendix Table 9. Socio-Demographic Index groupings by geography, based on 2017 values
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Appendix Table 9. Socio-Demographic Index groupings by geography, based on 2017 values

Sierra Leone 0.36 Low SDI

Solomon Islands 0.443 Low SDI

Somali 0.286 Low SDI

Somalia 0.328 Low SDI

South Sudan 0.28 Low SDI

Southern Nations, Nationalities, and Peoples 0.318 Low SDI

Tana River 0.344 Low SDI

Tanzania 0.403 Low SDI

The Gambia 0.407 Low SDI

Tigray 0.345 Low SDI

Togo 0.413 Low SDI

Turkana 0.258 Low SDI

Uganda 0.397 Low SDI

Uttar Pradesh, Rural 0.436 Low SDI

Wajir 0.243 Low SDI

West Pokot 0.366 Low SDI

Yemen 0.423 Low SDI

Addis Ababa 0.526 Low-middle SDI

Andhra Pradesh, Rural 0.509 Low-middle SDI

Angola 0.451 Low-middle SDI

Arunachal Pradesh, Rural 0.523 Low-middle SDI

Assam, Rural 0.514 Low-middle SDI

Belize 0.596 Low-middle SDI

Bengkulu 0.599 Low-middle SDI

Bhutan 0.563 Low-middle SDI

Bihar, Urban 0.545 Low-middle SDI

Bolivia 0.596 Low-middle SDI

Bomet 0.479 Low-middle SDI

Bungoma 0.475 Low-middle SDI

Cambodia 0.483 Low-middle SDI

Cameroon 0.489 Low-middle SDI

Cape Verde 0.545 Low-middle SDI

Central Java 0.595 Low-middle SDI

Central Sulawesi 0.591 Low-middle SDI

Chhattisgarh, Rural 0.475 Low-middle SDI

Chiapas 0.47 Low-middle SDI

Congo (Brazzaville) 0.572 Low-middle SDI

Djibouti 0.503 Low-middle SDI

East Nusa Tenggara 0.513 Low-middle SDI

Egypt 0.558 Low-middle SDI

El Salvador 0.592 Low-middle SDI

Elgeyo Marakwet 0.475 Low-middle SDI

Embu 0.529 Low-middle SDI

Federated States of Micronesia 0.574 Low-middle SDI

Ghana 0.544 Low-middle SDI

Gorontalo 0.545 Low-middle SDI
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Guatemala 0.501 Low-middle SDI

Guerrero 0.522 Low-middle SDI

Guizhou 0.592 Low-middle SDI

Gujarat, Rural 0.528 Low-middle SDI

Guyana 0.595 Low-middle SDI

Haryana, Rural 0.565 Low-middle SDI

Hidalgo 0.596 Low-middle SDI

Honduras 0.519 Low-middle SDI

Iraq 0.585 Low-middle SDI

Jammu and Kashmir, Rural 0.543 Low-middle SDI

Jharkhand, Rural 0.461 Low-middle SDI

Kajiado 0.52 Low-middle SDI

Kakamega 0.464 Low-middle SDI

Karnataka, Rural 0.532 Low-middle SDI

Kericho 0.495 Low-middle SDI

Kiambu 0.565 Low-middle SDI

Kilifi 0.452 Low-middle SDI

Kiribati 0.47 Low-middle SDI

Kirinyaga 0.526 Low-middle SDI

Kisii 0.503 Low-middle SDI

Kisumu 0.504 Low-middle SDI

Kwale 0.454 Low-middle SDI

Kyrgyzstan 0.589 Low-middle SDI

Laikipia 0.545 Low-middle SDI

Lamu 0.45 Low-middle SDI

Laos 0.518 Low-middle SDI

Lesotho 0.509 Low-middle SDI

Machakos 0.499 Low-middle SDI

Maharashtra, Rural 0.565 Low-middle SDI

Makueni 0.47 Low-middle SDI

Maluku 0.553 Low-middle SDI

Manipur, Rural 0.558 Low-middle SDI

Maranhão 0.57 Low-middle SDI

Marshall Islands 0.549 Low-middle SDI

Mauritania 0.474 Low-middle SDI

Meghalaya, Rural 0.521 Low-middle SDI

Meru 0.494 Low-middle SDI

Michoacán de Ocampo 0.521 Low-middle SDI

Mizoram, Rural 0.57 Low-middle SDI

Mombasa 0.573 Low-middle SDI

Morelos 0.597 Low-middle SDI

Morocco 0.561 Low-middle SDI

Murang’a 0.519 Low-middle SDI

Myanmar 0.557 Low-middle SDI

Nakuru 0.534 Low-middle SDI

Nandi 0.48 Low-middle SDI
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Nayarit 0.541 Low-middle SDI

Nicaragua 0.53 Low-middle SDI

Nigeria 0.476 Low-middle SDI

North Korea 0.53 Low-middle SDI

North Maluku 0.538 Low-middle SDI

Nyamira 0.524 Low-middle SDI

Nyandarua 0.536 Low-middle SDI

Nyeri 0.547 Low-middle SDI

Oaxaca 0.551 Low-middle SDI

Odisha, Rural 0.498 Low-middle SDI

Pakistan 0.463 Low-middle SDI

Palestine 0.553 Low-middle SDI

Papua 0.574 Low-middle SDI

Puebla 0.593 Low-middle SDI

Punjab, Rural 0.575 Low-middle SDI

Samoa 0.59 Low-middle SDI

San Luis Potosí 0.575 Low-middle SDI

Sao Tome and Principe 0.479 Low-middle SDI

Sistan and Baluchistan 0.581 Low-middle SDI

South Sulawesi 0.601 Low-middle SDI

Southeast Sulawesi 0.585 Low-middle SDI

Sudan 0.472 Low-middle SDI

Swaziland 0.591 Low-middle SDI

Taita Taveta 0.528 Low-middle SDI

Tajikistan 0.551 Low-middle SDI

Tamil Nadu, Rural 0.582 Low-middle SDI

Telangana, Rural 0.534 Low-middle SDI

Tharaka Nithi 0.514 Low-middle SDI

Tibet 0.562 Low-middle SDI

Timor-Leste 0.512 Low-middle SDI

Trans Nzoia 0.466 Low-middle SDI

Tripura, Rural 0.519 Low-middle SDI

Uasin Gishu 0.533 Low-middle SDI

Union Territories other than Delhi, Rural 0.58 Low-middle SDI

Uttarakhand, Rural 0.562 Low-middle SDI

Vanuatu 0.473 Low-middle SDI

Vietnam 0.601 Low-middle SDI

Vihiga 0.481 Low-middle SDI

West Bengal, Rural 0.496 Low-middle SDI

West Kalimantan 0.576 Low-middle SDI

West Nusa Tenggara 0.549 Low-middle SDI

West Sulawesi 0.552 Low-middle SDI

Zambia 0.472 Low-middle SDI

Zimbabwe 0.468 Low-middle SDI

Aceh 0.64 Middle SDI

Acre 0.668 Middle SDI
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Aguascalientes 0.664 Middle SDI

Alagoas 0.625 Middle SDI

Amazonas 0.69 Middle SDI

Andhra Pradesh, Urban 0.641 Middle SDI

Anhui 0.637 Middle SDI

Ardebil 0.66 Middle SDI

Arunachal Pradesh, Urban 0.659 Middle SDI

Assam, Urban 0.643 Middle SDI

Azerbaijan 0.689 Middle SDI

Bahia 0.663 Middle SDI

Baja California 0.673 Middle SDI

Baja California Sur 0.653 Middle SDI

Bali 0.632 Middle SDI

Bangka-Belitung Islands 0.625 Middle SDI

Banten 0.632 Middle SDI

Botswana 0.666 Middle SDI

Campeche 0.622 Middle SDI

Ceará 0.668 Middle SDI

Central Kalimantan 0.625 Middle SDI

Chahar Mahaal and Bakhtiari 0.671 Middle SDI

Chechen Republic 0.683 Middle SDI

Chhattisgarh, Urban 0.653 Middle SDI

Chihuahua 0.662 Middle SDI

Chongqing 0.686 Middle SDI

Coahuila 0.602 Middle SDI

Colima 0.657 Middle SDI

Colombia 0.638 Middle SDI

Costa Rica 0.66 Middle SDI

Cuba 0.686 Middle SDI

Delhi, Rural 0.673 Middle SDI

Dominica 0.68 Middle SDI

Dominican Republic 0.61 Middle SDI

Durango 0.605 Middle SDI

East Azarbayejan 0.653 Middle SDI

East Java 0.624 Middle SDI

Eastern Cape 0.629 Middle SDI

Ecuador 0.631 Middle SDI

Equatorial Guinea 0.663 Middle SDI

Fiji 0.623 Middle SDI

Free State 0.683 Middle SDI

Gabon 0.621 Middle SDI

Gansu 0.609 Middle SDI

Golestan 0.67 Middle SDI

Grenada 0.638 Middle SDI

Guanajuato 0.623 Middle SDI

Gujarat, Urban 0.658 Middle SDI
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Hamadan 0.662 Middle SDI

Haryana, Urban 0.68 Middle SDI

Himachal Pradesh, Rural 0.617 Middle SDI

Hormozgan 0.666 Middle SDI

Jalisco 0.65 Middle SDI

Jamaica 0.655 Middle SDI

Jambi 0.629 Middle SDI

Jammu and Kashmir, Urban 0.662 Middle SDI

Jharkhand, Urban 0.673 Middle SDI

Jiangxi 0.643 Middle SDI

Jordan 0.624 Middle SDI

Karnataka, Urban 0.661 Middle SDI

Kerala, Rural 0.655 Middle SDI

Kerala, Urban 0.683 Middle SDI

Kerman 0.675 Middle SDI

Kermanshah 0.654 Middle SDI

Khorasan-e-Razavi 0.66 Middle SDI

Khuzestan 0.667 Middle SDI

Kohgiluyeh and Boyer-Ahmad 0.676 Middle SDI

Kurdistan 0.615 Middle SDI

KwaZulu-Natal 0.667 Middle SDI

Lampung 0.607 Middle SDI

Lebanon 0.689 Middle SDI

Libya 0.68 Middle SDI

Limpopo 0.63 Middle SDI

Lorestan 0.666 Middle SDI

Madhya Pradesh, Urban 0.62 Middle SDI

Maharashtra, Urban 0.686 Middle SDI

Maldives 0.643 Middle SDI

Manipur, Urban 0.637 Middle SDI

Markazi 0.669 Middle SDI

Meghalaya, Urban 0.68 Middle SDI

Mizoram, Urban 0.654 Middle SDI

Moldova 0.668 Middle SDI

Mongolia 0.637 Middle SDI

Mpumalanga 0.667 Middle SDI

México 0.644 Middle SDI

Nagaland, Rural 0.61 Middle SDI

Nagaland, Urban 0.677 Middle SDI

Nairobi 0.67 Middle SDI

Namibia 0.62 Middle SDI

Ningxia 0.641 Middle SDI

North Khorasan 0.653 Middle SDI

North Sulawesi 0.633 Middle SDI

North Sumatra 0.649 Middle SDI

North West 0.661 Middle SDI
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Northern Cape 0.669 Middle SDI

Odisha, Urban 0.641 Middle SDI

Panama 0.67 Middle SDI

Paraguay 0.631 Middle SDI

Paraíba 0.66 Middle SDI

Pará 0.646 Middle SDI

Pernambuco 0.674 Middle SDI

Peru 0.632 Middle SDI

Philippines 0.617 Middle SDI

Piauí 0.615 Middle SDI

Punjab, Urban 0.679 Middle SDI

Qazvin 0.676 Middle SDI

Qinghai 0.627 Middle SDI

Qom 0.67 Middle SDI

Querétaro 0.656 Middle SDI

Quintana Roo 0.65 Middle SDI

Rajasthan, Urban 0.613 Middle SDI

Republic of Ingushetia 0.689 Middle SDI

Rio Grande do Norte 0.678 Middle SDI

Rondônia 0.69 Middle SDI

Saint Lucia 0.646 Middle SDI

Saint Vincent and the Grenadines 0.604 Middle SDI

Sergipe 0.686 Middle SDI

Shaanxi 0.684 Middle SDI

Sichuan 0.663 Middle SDI

Sikkim, Rural 0.612 Middle SDI

Sinaloa 0.661 Middle SDI

Sonora 0.672 Middle SDI

South Kalimantan 0.609 Middle SDI

South Khorasan 0.644 Middle SDI

South Sumatra 0.632 Middle SDI

Sri Lanka 0.677 Middle SDI

Suriname 0.64 Middle SDI

Syria 0.607 Middle SDI

Tabasco 0.608 Middle SDI

Tamaulipas 0.677 Middle SDI

Tamil Nadu, Urban 0.675 Middle SDI

Telangana, Urban 0.674 Middle SDI

Thailand 0.678 Middle SDI

Tlaxcala 0.619 Middle SDI

Tonga 0.621 Middle SDI

Trinidad and Tobago 0.687 Middle SDI

Tripura, Urban 0.612 Middle SDI

Tunisia 0.675 Middle SDI

Union Territories other than Delhi, Urban 0.682 Middle SDI

Uttar Pradesh, Urban 0.614 Middle SDI
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Uttarakhand, Urban 0.685 Middle SDI

Uzbekistan 0.649 Middle SDI

Venezuela 0.655 Middle SDI

Veracruz de Ignacio de la Llave 0.603 Middle SDI

West Azarbayejan 0.614 Middle SDI

West Bengal, Urban 0.644 Middle SDI

West Java 0.626 Middle SDI

West Papua 0.681 Middle SDI

West Sumatra 0.635 Middle SDI

Yogyakarta 0.643 Middle SDI

Yucatán 0.63 Middle SDI

Yunnan 0.619 Middle SDI

Zacatecas 0.614 Middle SDI

Zanjan 0.647 Middle SDI

Albania 0.691 High-middle SDI

Alborz 0.732 High-middle SDI

Algeria 0.698 High-middle SDI

Altay krai 0.757 High-middle SDI

Amapá 0.693 High-middle SDI

American Samoa 0.704 High-middle SDI

Amur oblast 0.782 High-middle SDI

Antigua and Barbuda 0.705 High-middle SDI

Argentina 0.707 High-middle SDI

Arkhangelsk oblast without Nenets autonomous district 0.784 High-middle SDI

Armenia 0.701 High-middle SDI

Astrakhan oblast 0.774 High-middle SDI

Bahrain 0.718 High-middle SDI

Barbados 0.739 High-middle SDI

Barking and Dagenham 0.802 High-middle SDI

Barnsley 0.784 High-middle SDI

Belarus 0.772 High-middle SDI

Belgorod oblast 0.777 High-middle SDI

Bermuda 0.819 High-middle SDI

Blackburn with Darwen 0.803 High-middle SDI

Blackpool 0.784 High-middle SDI

Bolton 0.802 High-middle SDI

Bosnia and Herzegovina 0.713 High-middle SDI

Bradford 0.804 High-middle SDI

Bryansk oblast 0.766 High-middle SDI

Bulgaria 0.794 High-middle SDI

Bury 0.811 High-middle SDI

Bushehr 0.701 High-middle SDI

Chelyabinsk oblast 0.779 High-middle SDI

Chile 0.748 High-middle SDI

Chukotka Autonomous Okrug 0.802 High-middle SDI

Chuvash Republic 0.754 High-middle SDI
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Cornwall 0.814 High-middle SDI

County Durham 0.808 High-middle SDI

Delhi, Urban 0.707 High-middle SDI

Derbyshire 0.815 High-middle SDI

Distrito Federal 0.721 High-middle SDI

Doncaster 0.787 High-middle SDI

Dudley 0.796 High-middle SDI

East Kalimantan 0.733 High-middle SDI

East Riding of Yorkshire 0.819 High-middle SDI

East Sussex 0.811 High-middle SDI

Espírito Santo 0.759 High-middle SDI

Fars 0.697 High-middle SDI

Fujian 0.715 High-middle SDI

Gauteng 0.737 High-middle SDI

Georgia 0.699 High-middle SDI

Gilan 0.697 High-middle SDI

Goa, Rural 0.711 High-middle SDI

Goa, Urban 0.755 High-middle SDI

Goiás 0.726 High-middle SDI

Greece 0.82 High-middle SDI

Greenland 0.765 High-middle SDI

Guam 0.796 High-middle SDI

Guangdong 0.765 High-middle SDI

Guangxi 0.693 High-middle SDI

Hainan 0.692 High-middle SDI

Hartlepool 0.789 High-middle SDI

Hebei 0.711 High-middle SDI

Heilongjiang 0.707 High-middle SDI

Henan 0.701 High-middle SDI

Himachal Pradesh, Urban 0.743 High-middle SDI

Hong Kong Special Administrative Region of China 0.82 High-middle SDI

Hubei 0.706 High-middle SDI

Hunan 0.697 High-middle SDI

Hungary 0.82 High-middle SDI

Ilam 0.703 High-middle SDI

Inner Mongolia 0.719 High-middle SDI

Irkutsk oblast 0.771 High-middle SDI

Isfahan 0.701 High-middle SDI

Isle of Wight 0.812 High-middle SDI

Israel 0.817 High-middle SDI

Ivanovo oblast 0.756 High-middle SDI

Jakarta 0.785 High-middle SDI

Jewish autonomous oblast 0.754 High-middle SDI

Jiangsu 0.754 High-middle SDI

Jilin 0.712 High-middle SDI

Kabardino-Balkarian Republic 0.759 High-middle SDI
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Kaliningrad oblast 0.788 High-middle SDI

Kaluga oblast 0.782 High-middle SDI

Karachayevo-Chircassian Republic 0.719 High-middle SDI

Kazakhstan 0.733 High-middle SDI

Kemerovo oblast 0.771 High-middle SDI

Khabarovsk krai 0.806 High-middle SDI

Kingston upon Hull, City of 0.811 High-middle SDI

Kirklees 0.813 High-middle SDI

Kirov oblast 0.76 High-middle SDI

Knowsley 0.814 High-middle SDI

Republic of Komi 0.792 High-middle SDI

Kostroma oblast 0.768 High-middle SDI

Krasnodar krai 0.792 High-middle SDI

Krasnoyarsk krai 0.783 High-middle SDI

Kurgan oblast 0.747 High-middle SDI

Kursk oblast 0.769 High-middle SDI

Kuwait 0.786 High-middle SDI

Leningrad oblast 0.761 High-middle SDI

Liaoning 0.749 High-middle SDI

Lincolnshire 0.811 High-middle SDI

Lipetzk oblast 0.781 High-middle SDI

Macedonia 0.756 High-middle SDI

Magadan oblast 0.812 High-middle SDI

Malaysia 0.762 High-middle SDI

Mato Grosso 0.734 High-middle SDI

Mato Grosso do Sul 0.712 High-middle SDI

Mauritius 0.718 High-middle SDI

Mazandaran 0.719 High-middle SDI

Medway 0.807 High-middle SDI

Middlesbrough 0.807 High-middle SDI

Minas Gerais 0.744 High-middle SDI

Montenegro 0.79 High-middle SDI

Moscow oblast 0.799 High-middle SDI

Murmansk oblast 0.812 High-middle SDI

Nenets autonomous district 0.798 High-middle SDI

New Zealand Maori population 0.74 High-middle SDI

Nizhny Novgorod oblast 0.784 High-middle SDI

North East Lincolnshire 0.801 High-middle SDI

North Kalimantan 0.746 High-middle SDI

North Lincolnshire 0.807 High-middle SDI

Northern Mariana Islands 0.761 High-middle SDI

Northumberland 0.805 High-middle SDI

Nottinghamshire 0.813 High-middle SDI

Novgorod oblast 0.777 High-middle SDI

Novosibirsk oblast 0.798 High-middle SDI

Nuevo León 0.692 High-middle SDI
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Oldham 0.789 High-middle SDI

Oman 0.741 High-middle SDI

Omsk oblast 0.775 High-middle SDI

Orenburg oblast 0.77 High-middle SDI

Oryol oblast 0.77 High-middle SDI

Paraná 0.755 High-middle SDI

Penza oblast 0.765 High-middle SDI

Perm krai 0.779 High-middle SDI

Peterborough 0.819 High-middle SDI

Portugal 0.779 High-middle SDI

Primorye krai 0.792 High-middle SDI

Pskov oblast 0.764 High-middle SDI

Puerto Rico 0.814 High-middle SDI

Qatar 0.758 High-middle SDI

Redcar and Cleveland 0.787 High-middle SDI

Republic of Adygeya 0.75 High-middle SDI

Republic of Altay 0.749 High-middle SDI

Republic of Bashkortostan 0.781 High-middle SDI

Republic of Buryatia 0.774 High-middle SDI

Republic of Crimea 0.763 High-middle SDI

Republic of Dagestan 0.743 High-middle SDI

Republic of Kalmykia 0.728 High-middle SDI

Republic of Karelia 0.782 High-middle SDI

Republic of Khakasia 0.774 High-middle SDI

Republic of Mari El 0.76 High-middle SDI

Republic of Mordovia 0.745 High-middle SDI

Republic of North Ossetia - Alania 0.779 High-middle SDI

Republic of Sakha (Yakutia) 0.802 High-middle SDI

Republic of Tatarstan 0.79 High-middle SDI

Republic of Tuva 0.726 High-middle SDI

Riau 0.711 High-middle SDI

Riau Islands 0.733 High-middle SDI

Rio Grande do Sul 0.767 High-middle SDI

Rio de Janeiro 0.774 High-middle SDI

Rochdale 0.791 High-middle SDI

Romania 0.794 High-middle SDI

Roraima 0.693 High-middle SDI

Rostov oblast 0.78 High-middle SDI

Rotherham 0.793 High-middle SDI

Ryazan oblast 0.77 High-middle SDI

Sakhalin oblast 0.811 High-middle SDI

Samara oblast 0.801 High-middle SDI

Sandwell 0.793 High-middle SDI

Santa Catarina 0.779 High-middle SDI

Saratov oblast 0.765 High-middle SDI

Scotland 0.805 High-middle SDI
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Sefton 0.81 High-middle SDI

Semnan 0.699 High-middle SDI

Serbia 0.749 High-middle SDI

Seychelles 0.702 High-middle SDI

Shandong 0.753 High-middle SDI

Shanghai 0.82 High-middle SDI

Shanxi 0.696 High-middle SDI

Sikkim, Urban 0.714 High-middle SDI

Smolensk oblast 0.774 High-middle SDI

Somerset 0.813 High-middle SDI

South Tyneside 0.794 High-middle SDI

Southend-on-Sea 0.808 High-middle SDI

St Helens 0.803 High-middle SDI

Stavropol krai 0.77 High-middle SDI

Stockton-on-Tees 0.82 High-middle SDI

Stoke-on-Trent 0.8 High-middle SDI

Suffolk 0.818 High-middle SDI

Sunderland 0.814 High-middle SDI

Sverdlovsk oblast 0.792 High-middle SDI

São Paulo 0.793 High-middle SDI

Tambov oblast 0.767 High-middle SDI

Tameside 0.793 High-middle SDI

Tehran 0.757 High-middle SDI

Telford and Wrekin 0.817 High-middle SDI

The Bahamas 0.753 High-middle SDI

Thurrock 0.808 High-middle SDI

Tianjin 0.803 High-middle SDI

Tocantins 0.691 High-middle SDI

Tomsk oblast 0.778 High-middle SDI

Torbay 0.793 High-middle SDI

Tula oblast 0.77 High-middle SDI

Turkey 0.713 High-middle SDI

Turkmenistan 0.703 High-middle SDI

Tver oblast 0.768 High-middle SDI

Tyumen oblast without autonomous areas 0.807 High-middle SDI

Udmurtian Republic 0.762 High-middle SDI

Ukraine (without Republic of Crimea & Sevastopol) 0.739 High-middle SDI

Ulyanovsk oblast 0.763 High-middle SDI

United Arab Emirates 0.752 High-middle SDI

Uruguay 0.705 High-middle SDI

Virgin Islands 0.792 High-middle SDI

Vladimir oblast 0.762 High-middle SDI

Volgograd oblast 0.768 High-middle SDI

Vologda oblast 0.767 High-middle SDI

Voronezh oblast 0.776 High-middle SDI

Wakefield 0.803 High-middle SDI
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Wales 0.807 High-middle SDI

Walsall 0.789 High-middle SDI

Waltham Forest 0.818 High-middle SDI

Western Cape 0.723 High-middle SDI

Wigan 0.795 High-middle SDI

Wirral 0.8 High-middle SDI

Wolverhampton 0.811 High-middle SDI

Xinjiang 0.697 High-middle SDI

Yaroslavl oblast 0.775 High-middle SDI

Yazd 0.706 High-middle SDI

Trans-Baikal krai 0.79 High-middle SDI

Zhejiang 0.743 High-middle SDI

Ōita 0.853 High SDI

Ōsaka 0.874 High SDI

Aichi 0.875 High SDI

Akershus 0.923 High SDI

Akita 0.833 High SDI

Alabama 0.847 High SDI

Alaska 0.877 High SDI

Andorra 0.897 High SDI

Aomori 0.83 High SDI

Arizona 0.853 High SDI

Arkansas 0.846 High SDI

Aust-Agder 0.896 High SDI

Australia 0.875 High SDI

Austria 0.868 High SDI

Barnet 0.865 High SDI

Bath and North East Somerset 0.876 High SDI

Bedford 0.839 High SDI

Beijing 0.848 High SDI

Belgium 0.888 High SDI

Bexley 0.827 High SDI

Birmingham 0.84 High SDI

Bournemouth 0.855 High SDI

Bracknell Forest 0.868 High SDI

Brent 0.847 High SDI

Brighton and Hove 0.885 High SDI

Bristol, City of 0.884 High SDI

Bromley 0.85 High SDI

Brunei 0.883 High SDI

Buckinghamshire 0.865 High SDI

Buskerud 0.909 High SDI

Calderdale 0.823 High SDI

California 0.864 High SDI

Cambridgeshire 0.87 High SDI

Camden 0.93 High SDI
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Canada 0.883 High SDI

Central Bedfordshire 0.835 High SDI

Cheshire East 0.861 High SDI

Cheshire West and Chester 0.853 High SDI

Chiba 0.858 High SDI

Colorado 0.878 High SDI

Connecticut 0.892 High SDI

Coventry 0.849 High SDI

Croatia 0.826 High SDI

Croydon 0.834 High SDI

Cumbria 0.825 High SDI

Cyprus 0.861 High SDI

Czech Republic 0.855 High SDI

Darlington 0.824 High SDI

Delaware 0.876 High SDI

Denmark 0.92 High SDI

Derby 0.844 High SDI

Devon 0.836 High SDI

Washington, DC 0.908 High SDI

Distrito Federal 0.873 High SDI

Dorset 0.822 High SDI

Ealing 0.863 High SDI

Ehime 0.849 High SDI

Enfield 0.839 High SDI

Essex 0.832 High SDI

Estonia 0.859 High SDI

Finland 0.893 High SDI

Finnmark 0.856 High SDI

Florida 0.863 High SDI

France 0.865 High SDI

Fukui 0.857 High SDI

Fukuoka 0.859 High SDI

Fukushima 0.843 High SDI

Gateshead 0.822 High SDI

Georgia 0.856 High SDI

Germany 0.87 High SDI

Gifu 0.85 High SDI

Gloucestershire 0.848 High SDI

Greenwich 0.833 High SDI

Gunma 0.855 High SDI

Hackney 0.887 High SDI

Halton 0.824 High SDI

Hammersmith and Fulham 0.924 High SDI

Hampshire 0.848 High SDI

Haringey 0.853 High SDI

Harrow 0.848 High SDI
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Havering 0.827 High SDI

Hawaii 0.876 High SDI

Hedmark 0.888 High SDI

Herefordshire, County of 0.824 High SDI

Hertfordshire 0.87 High SDI

Hillingdon 0.883 High SDI

Hiroshima 0.868 High SDI

Hokkaidō 0.844 High SDI

Hordaland 0.912 High SDI

Hounslow 0.877 High SDI

Hyōgo 0.861 High SDI

Ibaraki 0.857 High SDI

Iceland 0.908 High SDI

Idaho 0.854 High SDI

Illinois 0.879 High SDI

Indiana 0.854 High SDI

Iowa 0.873 High SDI

Ireland 0.883 High SDI

Ishikawa 0.859 High SDI

Islington 0.922 High SDI

Italy 0.845 High SDI

Iwate 0.833 High SDI

Kōchi 0.834 High SDI

Kagawa 0.861 High SDI

Kagoshima 0.838 High SDI

Kamchatka krai 0.821 High SDI

Kanagawa 0.872 High SDI

Kansas 0.876 High SDI

Kensington and Chelsea 0.931 High SDI

Kent 0.827 High SDI

Kentucky 0.845 High SDI

Khanty-Mansi autonomous area 0.825 High SDI

Kingston upon Thames 0.892 High SDI

Kumamoto 0.84 High SDI

Kyōto 0.871 High SDI

Lambeth 0.899 High SDI

Lancashire 0.83 High SDI

Latvia 0.827 High SDI

Leeds 0.868 High SDI

Leicester 0.838 High SDI

Leicestershire 0.846 High SDI

Lewisham 0.843 High SDI

Lithuania 0.842 High SDI

Liverpool 0.851 High SDI

Louisiana 0.854 High SDI

Luton 0.831 High SDI
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Luxembourg 0.917 High SDI

Macao Special Administrative Region of China 0.827 High SDI

Maine 0.867 High SDI

Malta 0.837 High SDI

Manchester 0.883 High SDI

Maryland 0.89 High SDI

Massachusetts 0.895 High SDI

Merton 0.872 High SDI

Michigan 0.867 High SDI

Mie 0.858 High SDI

Milton Keynes 0.86 High SDI

Minnesota 0.886 High SDI

Mississippi 0.842 High SDI

Missouri 0.86 High SDI

Miyagi 0.851 High SDI

Miyazaki 0.835 High SDI

Montana 0.865 High SDI

Moscow, city of 0.872 High SDI

Møre og Romsdal 0.903 High SDI

Nagano 0.856 High SDI

Nagasaki 0.834 High SDI

Nara 0.847 High SDI

Nebraska 0.876 High SDI

Netherlands 0.913 High SDI

Nevada 0.853 High SDI

New Hampshire 0.89 High SDI

New Jersey 0.888 High SDI

New Mexico 0.846 High SDI

New York 0.883 High SDI

New Zealand non-Maori population 0.862 High SDI

Newcastle upon Tyne 0.872 High SDI

Newham 0.837 High SDI

Niigata 0.846 High SDI

Nordland 0.904 High SDI

Norfolk 0.824 High SDI

North Carolina 0.854 High SDI

North Dakota 0.889 High SDI

North Somerset 0.829 High SDI

North Tyneside 0.822 High SDI

North Yorkshire 0.836 High SDI

Northamptonshire 0.827 High SDI

Northern Ireland 0.836 High SDI

Nottingham 0.864 High SDI

Ohio 0.864 High SDI

Okayama 0.862 High SDI

Okinawa 0.832 High SDI
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Oklahoma 0.854 High SDI

Oppland 0.89 High SDI

Oregon 0.863 High SDI

Oslo 0.941 High SDI

Oxfordshire 0.878 High SDI

Pennsylvania 0.874 High SDI

Plymouth 0.834 High SDI

Poland 0.845 High SDI

Poole 0.839 High SDI

Portsmouth 0.858 High SDI

Reading 0.893 High SDI

Redbridge 0.832 High SDI

Rhode Island 0.879 High SDI

Richmond upon Thames 0.902 High SDI

Rogaland 0.909 High SDI

Rutland 0.832 High SDI

Saga 0.843 High SDI

Saitama 0.85 High SDI

Salford 0.835 High SDI

St. Petersburg, city of 0.842 High SDI

Saudi Arabia 0.822 High SDI

Sevastopol 0.823 High SDI

Sheffield 0.853 High SDI

Shiga 0.873 High SDI

Shimane 0.841 High SDI

Shizuoka 0.861 High SDI

Shropshire 0.828 High SDI

Singapore 0.877 High SDI

Slough 0.855 High SDI

Slovakia 0.845 High SDI

Slovenia 0.861 High SDI

Sogn og Fjordane 0.909 High SDI

Solihull 0.853 High SDI

South Carolina 0.851 High SDI

South Dakota 0.873 High SDI

South Gloucestershire 0.866 High SDI

South Korea 0.873 High SDI

Southampton 0.858 High SDI

Southwark 0.913 High SDI

Spain 0.826 High SDI

Staffordshire 0.823 High SDI

Stockholm 0.89 High SDI

Stockport 0.842 High SDI

Surrey 0.882 High SDI

Sutton 0.844 High SDI

Sweden except Stockholm 0.858 High SDI
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Swindon 0.842 High SDI

Switzerland 0.889 High SDI

Tōkyō 0.918 High SDI

Taiwan (Province of China) 0.863 High SDI

Telemark 0.894 High SDI

Tennessee 0.852 High SDI

Texas 0.853 High SDI

Tochigi 0.857 High SDI

Tokushima 0.851 High SDI

Tottori 0.843 High SDI

Tower Hamlets 0.906 High SDI

Toyama 0.86 High SDI

Trafford 0.87 High SDI

Troms 0.88 High SDI

Trøndelag 0.931 High SDI

Utah 0.861 High SDI

Vermont 0.883 High SDI

Vest-Agder 0.903 High SDI

Vestfold 0.904 High SDI

Virginia 0.881 High SDI

Wakayama 0.847 High SDI

Wandsworth 0.909 High SDI

Warrington 0.857 High SDI

Warwickshire 0.855 High SDI

Washington 0.877 High SDI

West Berkshire 0.87 High SDI

West Sussex 0.842 High SDI

West Virginia 0.841 High SDI

Westminster 0.927 High SDI

Wiltshire 0.826 High SDI

Windsor and Maidenhead 0.886 High SDI

Wisconsin 0.872 High SDI

Wokingham 0.885 High SDI

Worcestershire 0.831 High SDI

Wyoming 0.879 High SDI

Yamagata 0.838 High SDI

Yamaguchi 0.858 High SDI

Yamal-Nenets Autonomous Okrug 0.836 High SDI

Yamanashi 0.856 High SDI

York 0.878 High SDI

Østfold 0.894 High SDI
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